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1.0 INTRODUCTION

>Science Applications, Inc. (SAI) has conducted a study
of Concepts Analysis Agency's Combat Sample Generator (COSAGE)
Program. This program consists of over 30,000 lines of SIMSCRIPT

source code. It requi res approx imately 1.5 hours of SPERRY

1100/83 CPU time to execute and the maximum amount of static
memory available (262K words). The goal of this study is to
identify fruitful areas for COSAGE optimization which will reduce

the GOSAGE memory requirement as well as the execution time. To

accomplish this, SAl has performed static and dynamic analyses of
the source code. The purpose of this report is threefold:

* ~ To present the results of the dynamic analyses effort;

~ - To preview the recommended changes; and

* To provide suggested COSAGE model PREAMBLE revisions.

This report is presented in three (3) volumes. The

remainder of Volume I is organized in five sections:

0-Section 2z.O" presents the tools and techniques which were
utilized to perform the dynamic analyses.

,'S Section 8 discusses the dynamic analyses performed and the
results obtained.

* Section 4'.0 previews the recommended optimization changes.

* 0 Section 5.0 contains revision recommendations for the COSAGE
model PREAMBLE.

.. . . .

I.0 NROUTIN"- -0 :

....................................... eda stud
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* Sectioi *-&provides a summary of the optimization effort. (.---
Volume II is the COSAGE SIMSCRIPT source code for the0

VAX computer which has been processed by SAI-SDL*; Volume I'T
contains COSAGE Hourly invocation Reports for random number seeds
3, 6, and 10, respectively.

0

0

*A trademark of Science AOplications, Inc.

.. .. .. .. :. .)
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2.0 ANALYSIS TOOLS AND TECHNIQUES

To facilitate the required analyses, SAI rehosted the

COSAGE model on a virtual memory VAX computer in a "test suite"

environment. This "test suite" incorporates numerous software

tools and techniques:

Science Applications, Inc.'s Software Design and
Documentation Language (SAI-SDDL) was used to format the

COSAGE source code and provide automated summaries such

as a table of contents, module invocation hierarchy

tree, and a variety of cross-reference listings. --
SAI-SDDL was also used for developing COSAGE input

format specifications

System Performance Monitoring (SPM) Tool was utilized to

analyze COSAGE model execution at the operating system

level

Metrics were pplied to obtain quantitative assessments

of the complexity of the COSAGE source code

VAX SIMSCRIPT Compiler was used to identify source code

anomalies which the SPERRY compiler is unable to detect.

2-I
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0

The remainder of this section discusses in more detail
the tools and techniques which were utilized for the dynamic
analyses.

2.1 Source Code Instrumentation

SAT has instrumented the COSA.E model source code in
order to identify areas that would most benefit from optimization
(i.e., routines most frequently invoked during model execution as

well as COSAGE CPU usage by simulated hour). In order to capture
routine invocations, counters were inserted into every COSAGE '
routine/process/event. These counters were incremented each time

the module was invoked. Additionally, an event was develr lat
writes the counter values to a data file on an hourly rulated
time) basis and then clears the counters for the .,ex, data
collection period. CPU usage was determined by u.,,izing

appropriate VAX system routines. In addition, the event mentioned
above was modified to write the CPU usage for each simulated hour
to a data file.

2.2 VAX System Performance Monitoring (SPM) Tool

SAI analysts applied the SPM tool to the COSAGE model.
VAX-I SPM is a set of programs which collect and report

performance statistics for VAX/VMS systems. General performance

statistics can be collected on a system-wide basis, and detailed
statistics can be collected on a per-process basis.

Included in the SPM set is a package for measuring where

a user's program is spending its time. To do so, the package
periodically samples the program counter of the running program,
determines in which portion/routine of the program each such
sample falls, and displays the resulting information in histogram .*. -

P 2-2



SCIENCE APPLI CA-r'IONS, I NC. .

form. Program counter samples are collected by trapping a clock

interrupt every 10 milliseconds. The user is able to specify hcw

the program is to be divided into sections ca led buckets for

performance data collection. A bucket is defined by an address

range, and accumulates the number of program samples in that

address range through the use of a counter. The structure of the S

program to be measured may be specified in terms of very large

divisions or individual routines as well as starting and ending

addresses.

2.3 Metrics Analysis

SAI has employed two metrics analysis techniques with

the COSAGE model. The first metric, control complexity, .was

developed by McCabe (Ref. [1], Appendix A, Volume III) and

identifies software modules that are difficult to test and

maintain. Control complexity is measured by cyclomatic number,

which is the number of independent paths through the code. The

criterion value for cyclomatic number is usually 10. That is, if

there are more than 10 independent paths in a routine, then it is

usually not possible to fully test all paths. Consequently, the

program reliability and maintainability could be adversely

affected.

The second metric, operand complexity, is traditionally

measured by Halstead's length metric (Ref. [2], Appendix A, Volume

III) which is the sum of the operator occurrences (e.g., +, -,

/, >, , J, **, ADD, SUBTRACT) and operand occurrences (e.g.,

variables, attributes, entities, sets).

Typically, if the Halstead length metric is 270 or above

per routine, it is indicative of poor design practices during the

module/submodule allocations (modularization phase). It has also

2-3
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been correJated with other measures such as number of bugs in a

program, required programming/reprogramming time, and the quality

of programs (Ref. [3], Appendix A,Volume III).

2.4 VAX SIMSCRIPT Compiler Error Checking

SAI re-hosted the COSAGE model on a VAX computer to

perform the required analyses for a variety of reasons. One major

consideration was the upgraded SIMSCRIPT compiler features which

are implemented in the VAX computer version and not currently

available in the SPERRY computer compiler. The VAX SIMSCRIPT

enhancements include:

* Checking for subscripts out of bounds to an array,
permanent entity, or temporary entity

* Identifying references to a temporary attribute or an
array element of a quantity that has been destroyed or
rel eased

* Verifying that the number of words forr arguments agree
in definition and use

* Mode checking

2-4
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3.0 ANALYSES PERFORMED AND RESULTS OBTAINED

Numerous analyses were performed by SAI. This section
discusses these analyses and presents the results obtained.

3.1 Analysis Of COSAGE Model Invocations

In order to capture the number of invocations for each
COSAGE source code routine, an "ADD" statement was inserted as the

f first executabl e statement i n each routi ne. These statements

increment an array element associated with a particular routine

each time the routine is executed. The array (ANAL.CTR) was-
-. def ined i n the OOSAGE PREAMBLE; i t was dimensioned by the number
* of routines in the source code.

In order to report the number of invocations per hour of _

simulated time, an event was written and added to the GOSAGE model

* . thiat writes to a disk file the name of each routine and the number

of -i nvoca t ions r ecorded pe r s ImulIated hou r. It then clears the
-- counter array and reschedules itself to execute 'in one simulated
* hour.

In order to increase the useabilIity of the data gathered
in this manner, a formatting postprocessor was written which ranks

the routines by highest number of invocations. For any

* user-specified number of routines in the COSAGE model (e.g., top
10, tjop 50, all), the number of invocations, the percent of hourly

3-1
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cal Is, and.an accumulated hourly percent of cal Is for each hour of

simulated time is printed. Appendix B- (Volume III) contains the
output of the postprocessor when all 264 modules were requested

using random number seed 3.

In addition, a summary report is produced at the end of -- -

the simulation. This COSAGE summary invocation report ranks the

selected number of routines, giving the number of invocations for

each, the percent of total calls, and the accumulated total

percentage. Figure 3.1 presents this summary report.

A second summary report shows the number of invocations

per hour of simulated time and the percent of total invocations as

a number and as a line on a bar chart. Figure 3.2 presents this
hourly invocation summary.

Analysis of this output has helped to direct and focus
the optimization investigation. It is clear from the results of

* :Figure 3.1 that 10% (26) of the COSAGE modules account for over

93% of all module invocations and should be closely scrutinized.

. Seven of the 26 were already noted for optimization with the
\OPTIMIZE token during the static analysis, and one was marked as JL..

a deletion candidate. The two processes, ASSESSMENT and SHOOTOUT,

. were both in the largest dozen modules ranked by source lines.

Figure 3.1 also reveals two closely coupled sets of
program modules. The routines JOHNSON.CRITERIA, PROB.INF,

PROB.TIME, and SEARCH were each invoked 344,157 times, accounting
for over 20% of all invocations; MRT.TO.FREQ and

TEMPERATURE.ATTENUATION were each invoked 75,923 times. These

-.. algorithms and their interfaces should be streamlined to minimize

. the overhead of the invocations themselves.

3-2
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0

COSA E SUMMARY IN NOCAT I ON REPORT

TOTAL PCT TOTAL ACC TOTAL
TOP 26 (10%) INVOKED ROUTINES INVOCATIONS CALLS PCT 9

1 FUNCTION-ACTRANGE 1189098 17,459 17.459
2 ROUTINERANGE.COMPUTE 792643 11.638 29.097
3 ROUTINEPK.COMPUTE 741236 10.883 39.980
4 ROUTINEPROX.CHECK 399966 5.872 45.852
5 ROUTINEJOHNSON.CRITERIA 344157 5.053 50.906 0
6 ROUTINEPROB.INF 344157 5.053 55.959
7 ROUTINEPROB.TIME 344157 5.053 61.012
8 ROUTINE-SEARCH 344157 5.053 66.065
9 ROUTINETIME.TO.DETECT 312629 4.590 70.655

10 ROUTINEFRAC.COMPUTE 291000 4.273 74.927
11 ROUTINECONTRAST.TO.FREQ 268234 3.938 78.866 0
12 ROUTINELOCATE.SECTOR 142090 2.086 80.952
13 ROUTINECHECK.ENGAGEMENT 129648 1.904 82.856
14 ROUTITE..SIZE.ESTIMATE 128398 1.885 84.741
15 ROUTINEMRT.TO.FREO 75923 1.115 85.855
16 ROUTINETEMPERATURE.ATTENUATION 75923 1.115 86.970
17 ROUTINEFINAL.COVERAGE 74273 1.091 88.061
18 PROCESS-ASSESSMENT 53613 .787 88.848
19 ROUTINEPDB.DETECTION 44444 .653 89.500
20 FUNCTION-COMBINATIONS 41320 .607 90,107
21 ROUTINEADEO.FEBA.SET 40041 .588 90.695
22 ROUTINEENO.FEBA.SET 39866 .585 91.280
23 PROCESSSHOOT.OUT 36804 .540 91.821
24 EVENTPDB.ACTIVATION 35159 .516 92.337
25 ROUTINEWEIBULL.F 23942 .352 92.688
26 FUNCTION-EST.RANGE 23356 .343 93.031

TOTAL INVOCATIONS = 6810855

Figure 3.1

COSAGE Summary Invocation Reoort

3-3
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Einally, infrequently used routines may be eliminated,

thereby reducing the overall size of the COSAGE program. Appendix

B, Volume III, provides a good departure point to purge the

program.

It should be noted that the analyses performed and -

results obtained in this section are based on executing the COSAGE

model using SIMSCRIPT's random number seed 3. However, SAI

analysts also conducted analyses using two additional random

number seeds; namely, 6 and 10. The analyses results for random

number seed 6 are included in Appendix C, Volume III; the results

from seed 10 are in Appendix D, Volume III.

3.2 Analysis of COSAGE Model CPU Usage
.-

An additional analysis was performed by instrumenting

the COSAGE source code. This analysis yielded CPU usage by

simulated hour. To ascertain this information, LIB$INIT.TIMER was

invoked during the COSAGE initialization phase. This routine
"- initialized the VAX system timing mechanism. Then, LIB$STATTIMER

(another VAX system routine) was called after each hour of

simulated time. This was accomplished by modifying the event

which was written to capture the number of invocations. The

change caused the hourly CPU usage data to be written to a data

file. Additionally, the postprocessor which was developed to

produce the COSAGE Hourly Invocation Report was enhanced to

present hourly CPU usage. A sample GOSAGE CPU Usage Summary

report is shown in Figure 3.3. The next step involved integrating

the results of the (OSAGE Hourly Invocation Summary report and the

COSAGE CPU Usage Summary report into a single summary. A sample

.OSAGE Invocation and CPU Usage Summary is shown in Figure 3.4.

.:-'.~~ .-W W?,.-,

3-5
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C0 S A G E I N V 0 C A T 0 N A N D C P U U S A GE E S M M A q Y
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Figure 3.4

COSAGE Invocation and CPU Usage Summary
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3.3 Analjysis Of GOSACE Model Execution

SAI instrumented the COSAGE model environment with the
System Performance Monitoring (SPM) tool to gather samples of the 0

model counter. This was done to determine where the program was

spending its time.

In order to avoid modifying the COSAGE program itself,

the executable image was linked with the SPM module IMGSHELL

specified as the DEBUG option. The IMGSHELL module is a program

which automatically starts and stops the sampling routines. When

linked this way, IMGSHELL is invoked by the VMS operating system -

as if it were the debugger. It thus gets control before the user

program. This allows it to initiate clock sampling before

starting the user program and to terminate the sampling after the

user program exits. The program counter samples are taken every

10 milliseconds and accumulated in a file. Upon completion of a

(OSAGE execution, the file containing program counter samples can
then be used in the analysis.

The next step is to define address ranges of interest.

The program, and its associated address space, was divided into

smaller units. This was done by specifying five primary areas.

These included operating system, program control region, COSAGE -

image region, user program region at addresses above the COSAGE

image, and the SIMSCRIPT library. The addresses were set up for

the COSAGE image region so that each program module would be

accounted for individually. The SPM module IMGDEFINE was

executed; it specifies how the program is to be broken i'nto

address buckets for data collection. The output of the IMGDEFINE

3-8
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module is a single file containing all necessary information about
how the user has divided the program into buckets or address

ranges. This is an empty bucket file and is ready to be used
along with the sampling output from a COSAGE execution.

The sampling output consists of a file produced by
clock-driven traps which colJect program counter values. This

file, along with the empty bucket file generated by the IMODEFINE

module, is then used as input to the IMOREPORT module of SPM.
IMGREPORT tallies the program counter samples in the appropriate
buckets and produces a histogram showing the number of tallies in

each bucket.

The results in the histogram are shown as percentages.

For this analysis, the results were as follows:

Operating system 0.00%
Program Control region 0.50%
COSAGE Image -39i on 28.93%
User region above COSAGE 10.36%

99.97%

Of the 28.93% of samplings which were attributed to the

COSAGE Image region, the individual routines trapped and their
relative percentages are shown in Figure 3.5. These routines,
when summed, account for 28.77% of the samplings in the COSAGE "
Image region. The difference can be attributed to precision of
the SPM package which rounds to the nearest one-hundredth of one
percent.

There were a total of 1,703,991 samples taken; the
percent in defined buckets was 99.97%, and the number of address ... -

ranges represented was 535. The program control region represents

3-9
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5.87% RTINE.TO.DETECT..............
4.74% RFRAC.COMPUTE
4.00% RPK.COMPUTE
2.11% RSHOOT.OUr
1 .34% RPINAL.COVERAGE
0.81% RACTRANGE
0.74% RRANGE.COMPUTE
0.73% RTARGET.ANALYSIS
0.51% RPROB.IMF
0.44% RCONTRAST.TO.FREQ
0.44% RPROB.TIME
0.43% RLOCATE.SECTOR
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0.33% RDEQ.FEBA.SET
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0.18% RCHECENGAGEMENT
0.15% RUNITINPUT
0.14% TSS.SET
0.13% RPDB.DETECTION
0.13% RPDB.ACTIVATION Fgr .
0.13% RPIRE.MISSION SPM Results of CUSAGE Image Region

*0.12% RTEMPERATURE.ATTE
0.12% ROUTPUT.ATTRITION
0.11% RCHECK.PROX
0.11% REE.WLA
0.11% LJOBNSON.CRITERIA
0.11% REST.COVERAGE

h0.11% RFA.BN.ASGN
0.10% RDUST.EFFECTS
0.09% RCEK.FD.TR
0.09% RNEW.SEGMENT
0.09% RFO.DETECTION
0.07% RMIN.MOVE
0.07% RVOLLEY
0.06% RCFRACTIVATION
0.06% RUPDATE.LOC
0.06% RENQ.FEBA.SET
0.05% RTARGET.REPORT
0.05% RFA.BN.MOVEMENT
0.05% RENGAGEMENT
0.05% RHE.OR.ICM.COMPUT
0.04% RMRT.TO.FREQ
0.04% TFO.CAND.DET.LIST
0.04% RCOMBINATIONS
0.04% RFEBA.BAND
0.04% RCHANGE.LOC
0.04% RWEIGHTED. VOLLEYS
0.04% HUNIFORM.F

.3-lu
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0.02% HWEIBULL.F 0U0.02% TFD.TR.QUEUE
0.02% HEINOMIAL.F
0.02% HCOMPUTE.D
0.01% ZIF.RATE.LIST
0.01% RCFR.OPERATOR
0.01% RSTART.BATTLE
0.01% RLOCATE.SEARCH.AR
0.01% DIF.VOLLEY
0.01% ZUE.TARGET.LIST
0.01% ZFO.CAND.DET.LIST
0.01% RSTOP.ARTY.MOVEME Fgr .K0.01% HRANDI.F Fgr .
0.01% ROUTPUT.EXPENDITU SMRslso UAEIaeRgo
0.01% DFIRE.MISSION SMRslso UAEIaeRgo
0.01% RGENERAL.BATTLE(cnnud
0.01% RCHK.COMP.TR(cniud
0.01% ZBY.FM.QUEUE
0.01% RSTART.MOVE

0.01% RBTRY.FM.DEQ
0.01% RREM.EFFECTS.COMP
0.01% tIF.RATE.LIST
0.01% DFO.DET.CANDIDATE
0.01% RCOMPARE.TRS

- 0.01% RCLEAN.LJP.FIRE.MI
0.01% RPOSITION
0.01% DFIRING.TAELE
0.01% ZSO.LIST
0.01% RCaECK.FORCE
0.01% RCREATE.FORCE
0.01% RSWITCH.FO
0.01% XUN.SEGMENT.LIST
0.01% RWITH.DRAW
0.01% RARTY.ASSESS
0.01% RSTART.ARTY.MOVEM
0.01% RGET.TERRAIN
0.01% XSO.LIST0
0.01% UUN.LOS.LIST
0.01% TBY.FM.QUEUE
0.01% RBTRY.INPUT

3-11
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0.01% DUPDATE.LOC
* 0.01% RPINISN.COMPUTATI

0.01% TEN.CAN.FM.SET
0.01% RFDC.TR.DEQ 7-
0.01% XFO.CAND.DET.LISTI

*0.01% UUE.TARGET.LIST
0.01% DTARGET.REPORT

Em 0.01% RSENSOR.INPUT0
0 .01% UUN.SEGMENT.LIST
0.01% RUNITENVIR
0.01% DSHOOT.OUT
0.01% RPK.INPUT
0.01% RUNITASSIGNMENT
0.01% RSEGZ4ENT.ADJUST
0.01% RPDB.OPERATOR
0.01% RKV.PRINT

Fiqure 3,5

SPm Results of COSAGE Imaae Recion

(continued)
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activities. performed by the system on beha!f of the image such as

user stack usage and image input/output. The user region above

(OSAGE represents the operating system and the debugger. Any

discrepancies between percentages contained In the report and

shown in the total may be attributed to round-off. The remaining

.03% of activity not accounted for was in an address range which

was not requested in this analysis.

3.4 Analysis Of COSAGE Model SIMSCRIPT Execution

The SIMSCRIPT compiler on the VAX computer i ncorporates

language enhancements which are not available on the SPERRY

computer. These features made it possible to identify anomalies

which heretofore had gone undetected. Anomalies have been grouped

into two categories: ones that occurred while reading the input

data and ones that occurred during simulated time. These

irregularities are discussed further below.

3.4.1 Anomalies Which Occurred While Reading the Input Data

In the course of implementing the COSAGE model on the

VAX computer, a number of problems were encountered while reading

the data file provided. Each problem and solution is listed

below.

1. Problem: Need explicit unit number for input file. 0

Solution: Opened unit 4 in new module OPEN. INPUT.OUTPUT.FILES

for reading input data.

2. Problem: Divide by zero in SYS.INPUT. Customer provided

information that the data items for NUM.POSITICN.REPORT and

CLP.DN were reversed.

3-13
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Solution: Corrected order of the data items in the input file.

3. Problem: Unreserved array in PK.INPUT. PK.F.MOV.FAC does not

seem to be allocated automatically.

Solution: Reserved array explicitly.

4. Problem: Subscript out of range in CAT.TU.TNPUT. Data

originally read with ALPHA 6 format and now being read as TEXT

requiring a blank space in data.

Solution: Inserted a blank space in data item.

5. Problem: Not sufficient virtual address due to size of model.

Solution: Wrote macro roctine to increase MAX VIRTUALADDR to 3

megabytes.

6. Problem: Zero entity pointer or unreserved array in

8RTY.INPUT. 8RTY's 37 through 40 did not have proper

equipment.

Solution: Added LART1 equipment to units 204, 205, 206 and

207.

7. Problem: Subscript out of range in SENSOR.INPUT. When

SENSOR.TYPE is 1 and ST.NAME is "FO", SENSOR.MODEL must be

less than 10 or subscript goes out of range.

Solution: Changed data so that SENSOR.MODEL is I for those

cases.

r .-.- AV



SCIENCE A=ILJ CAIONS, I NC.

8. Problem: Argument passed to H.SIGN.F must be real (cal lea from

SENSOR.INPUT).

Solution: Explicitly defined DISTANCE as a real variable in

SENSOR.INPUT.

9. Problem: Subscript out of range in SENSOR.INPUT. (Problem

same as 7. above).

Solution: Changed data so that SENSOR.MODEL is 1 for those

cases.

10. Problem: Invalid character in I format in MADS.INPUT. .NUM.RH

read in this routine was incorrect in many instances. It is

being used as a loop counter for subsequent reads and must
correspond to the number of data items following.

Solution: Determined correct values for .NUM.RH and replaced

original incorrect values in the data.

3.4.2 Anomalies Which Occurred During Simulated Time

After the COSAGE program read all the input data and
scheduled the initial events and processes, a START SIMULATION

statement was executed. From this point to normal execution

termination, the SIMSCRIPT compi ler-generated timing routine,

TIME.R, directed the execution of the program. The timing routine

updated the simulated time, TIME.V, and invoked the subroutines
corresponding to the required event or process.

As the program executed new paths, or repeated

previously executed paths with new data, a variety of SIMSCRIPT
execution errors were encountered. A complete list of the

3-15
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execution problems and the solutions applied to contiriue execution
is contained in the accompanying source code (Volume II). The

module entitled PROGRAM CHANGES on page 2 matches a token of the

form CHG\NN, where NN is a 2-digit number, with the location(s) in
the code which was affected. These changes, while numerous and
labor-intensive to implement, resulted from several broad

categories of problems. These categories included the following:

* Compiler Variations - These included both VAX and SPERRY
implementation idiosynchrocies.

* Zero Subscript Error - There was a wide variety of

reasons for the subscript being zero, with misspellings,
attributes used but not initialized, and faulty logic
leading the list.

• Reference to a Destroyed Entity - A reference to a

destroyed entity resulted from an attempt to retrieve

data about an entity or process after it had exited from

the simulation. The solutions usually required

obtaining the data before the entity was destroyed or

zeroing-out the pointer that referred to the entity. . .

0 Precision differences - Since a real variable on the VAX

defaults to 64 bits (vs 36 on the SPERRY), some

differences occurred based on the extended precision and

round-off.

* Number and Mode Mismatches for Arguments - Some cal Is to . -

subroutines contained less than the specified number of
arguments; those cal Is were supplemented to fulfill the

list. Some calls specified arguments in a mode

0I•r W, ,
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different from that specified in the ca: ed routine;

those differences were resolved.

* Subscript Out of Range - These almost always were a

result of faulty logic.

* Division By Zero - The rare cases where this occurred

were tested for and handled as exceptions.

3.5 Metrics Analysis

Two metric analyses were performed on the COSAGE model:

the control complexity metric and the operand complexity metric.
The details of these two measures and the results are presented

below.

3.5.1 Control Complexity Metric

In order to determine the control complexity metric,
(number of paths through the code), each COSAGE source routine was

examined for the number of IF tests performed. A separate count

was kept of the number of IF tests that control led debug output

and the maximum depth of IF test nesting within the routine. This

information was tallied using an SAI-developed configuration

control form. A sample form is shown in Figure 3.6. Figure 3.7

is provided to illustrate the procedure employed to glean this

measure. As can be seen, this section of code has eight IF tests,

none of which control debug output. It also has a maximum depth -.

of nesting of four (IFs 2, 3, 5, 6).

A post-processor was written to tabulate the data

gathered in this manner and to produce three reports. The first
report lists the modules ranked by IF tests (see Figure 3.8). The

3-17
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140OUL EF
AA1KNA ME T SST 5

1 VOUTINE 8T RY.z. FECTS _.
PROC.SS 310OT.OUT 01

R OC 5 S ME L 1.CO OTE Q . F I, P
4. PROLESS T"- RET.REPORT 47
- ROCESS PI R.E ."mISS SN 5

OUTIN. F .'DET CTT,N 43
O IC MS C .ARRIVE.oATTL= .41
F V - N T A. .:,GAj- '4tN T 31 S
PRjC ESS 1C .,T . T.,T 37

11 QCUT I.NE iA .3 N. 'OV .'4ENT 33
1Z PROCES3 -IEL.TA R'ET. CQUI3ITION 32
13 ;'.,TINE A 'C ..ET .'TI' '  31

1. RC' CC S S IS Sz S SC & T 31
1; C UTIr4E FL 'jHS'.DATm 3 n

17 v NT CF. LIN ..ATTRIT o N 3"

1 ; UT I. F ' .I Fd . - GN 2

21 Z V 2 N T ".T. T.,ATTLE 7) - "

4 PJC- SS C' IS. mI SSION 27
3 RoUT I'j- ATTR:T. SENSO 2o

5 OUTI Z p -1E ST . S -.N

Cj U r I N: U N :. I ~T 0 U T -2 AV

.7 OUTI % P< .C3mUTE 25
:SUTI',, A)oSH3UT 23 - ..

t z3UTNE 4 iTNVI 23

71 OUT IN - - U-.ST.ILLUM 22
4 'C U T I CMi.ZFFECTS 2J 0

*3 P CUTINF EST. CIVERAGE 20
Q qU TIN E A4ALYSIS.OUTPUT1

3 OROCESS A;RTY.SSESS 13
ic QOUTINE CHECK.PROX 19
37 OPOC. SS F WAR.OOSSRVEP1

o O'J"TN A:.0F.EF E CTS 17

Figure 3-8

Modules Ranked by IF Tests -
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MODULE IF 0
RANK NAME TESTS

39 ROUTINE TACAIQ.INPLT 17
40 ROUTINE =4PLOY.HELICOPTERS 16
41 ROUTINE S!INSOR.INPUT 16 0

42 ROUTINE zN4,CAS.MIS3I0N 15
43 EV;NT .T. hX.QR) 15
44 ROUTINE 3T TRY. NUT 14

45 ROUTINE CMA:IGE.LGC 14
46 ROUT INE IN T=_R, ATTLE 14
.7 PR.C'SS M.NE.A SESS 14 6
4 ROUTINE .I1NE.OELAY 14
49 ROUTINE Cc R. O- TECTION 13
z Q OUTIE LEA11.UNIT 13
51 QGUTIN E E .3 R. w. C P U TA T TIIN 13
i2 FUNCTION H-,,LA 13

53 EVENT nm LO. E N ;A,; E; E N T 13
54 ROUTIN' NEu.SEG ENT 1

55 OiT INE RE A .QP9ERS 1 3
So ROUTINE SMOKE.2ErsPCTS 13
57 GUTINE CAS. EVAL 1 2
5 ROUTINE IL'LUm.-FFECTS 1 ?
59 EVENT ST AR T. G 'v E 12 -

01 ROUTINE AIMT.NEXT 12
* ~ 1ROUT IN 5 A14M RPT 1

t 2 ROUTINE LINE.oFSI;.s T 11

,a ROUTINE p).-7E0  R c. LIST 11
4 ROUTINE R UEST. e).FASC 11

53 G ROUTINE R;'V. ET-CTION 11
EVENT UPAT=.L0C 11

7 ROUTINF C -C K. OR. ,IN-S
06 ROUTINE OUST .EF CTS .

Q OUT:NE F .0 .STA RT.TI ME
7" ROUTINE " ,.%AL. ArTL -  1
71 ROUTINE TARSET.ANALYSIS 1]
72 ROUTINE 6LOCK.LOS
3 EV-NT BTL.EN3E"

74 .VENT CFR, . CpE. T OR
75 ROUTINE OUTPUT.ATTR:TION
' ROUTINE PI R. 0E T ECT IO:

Figure 3-8

Modules Ranked by IF Tests

Continued
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'400ULE
g.ANK NA ME T 5S TS

77 qOUTINS IG HT E 0. VOL L EYS
t~ ;OUTINE -:..FE3A

79' FUNCTIC.,4 F! ZA AY NO
-5 EV-ENT F~bA.SORTIc 5
z 1 0O'JTINE F'L2.FO.SCrfOD

4 CUTTII H I. E M2TY 3
R$ OUTINE 'V.PRIN'T

94 9 C U1N c ORIENT~ATION
35 ROUTINE~ OUTPUT.EXPAND ITUR =S
i o PI.3UTINE 2) 3. O=T CT ION
?7 P;OCESS R:,4T . 9 L T .V HI C L
!e qOUTINE 3StE.=ST14ATE
34 ROUTINE ADJUST7
10 ORCO(.SS A 1R 8CGR N E. QAD A P

;i OUTIN7 LOCATE.SEAkCMt.,1EA
I; OUTIN.2 M3RIAL.FECTS.1DJ 7

03 ROUTINE rUS T .FSCAM 7
A' G ~cTI;.~ x-S RC O :RG 7
R CUT iAE aTL.C-iCv 0

v -iVt4T Cc R.G
;7 P C UT :-STPOY.3,S
91 R 0 UT I N F~A.IN4ITTAL

I )J q0UTItNE =i.LA. INPIJT
2O ~UTINE LD S. C14C K

1. i CUTIrNE 4INE-INPUT
13 ROUTIN= N 1S . 0 GR AOE

1') Pkcss oI TH.R~Aw
1 U~ OTI T AN GLE. C 0M 0UT~ 5

C, 7 ~V -NT C= R. AC T I A Tr 011
,' -* ouT:N C -j C K. A 0

1 U' T I N E C EC K. F 09C
1i RCUTINE CDwPAR-=.TR.S5
11 RGUTINE C;A=FOC 5
11a OUT INE: E40.MOVE 5
11 3 S V 5NT S4GAGEMENT 5
114 ROU T IN E HC.COmPUTE.TpImcS

Figure 3-8

Modules Ranked by IF Tests

Continued
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MOD) UL E IF S
RA4K( NA ME TESTS

115 ROUTINE HzL.RANGE.COMPUT= 5
110 FUNCTION I; M. wLA _
117 ROUTIN- L-CTE.SiCTO; 5
113 Ev:NT PO t. OP E RA TOP 5
119 PROCESS P4 OT 0. :2. =L.4'j 5T 5
12.'o PCUTIN; PL IT. CCU.,4T 5
121 ROUTIN4 F P OX.Cl1CK 5
122 RCUTINE S.ITC'6.F 5 .
123 RCUTINE u'jIT.oAIOR ITY 5
1 2- :OUTINE 4 LL.7Y
1 EVENT I:T. .T:( 4

1 2.: 'uUTINE A;, .0 TECTIjhj 4
127 qOUTIN= C=Q. =Z ' c  4
12,3 RUUT -NF C'-_.Ck.LIST 4 1

12y FUNCT.)J C 041 1 .TONS
135 ROUTINE CNraST.T'.FPE,_ 4
131 POUTINE =4PTY 4
172 ?OUTTN- .rE. INPJT
13 R CTIN. -IP.C E,
134 ROUTINE FA R P. I'FJT
135 ROUTINE .A4MA.I F'
I it ROUTINE 9=3T.p:-! .3ECTOk 4-
137 RGOUTIN- SAOK=c . ',PJT T '- -. :.
13: EV=NT START.ARTY.MLjV:MENT .
1 E EVFNT A"T.,r'4)13
1/40 -V t4 T T - N F 3
11.1 1-UAIC TION h .Pk^n.Co:T CT 7 .

1'4. RCUTIN CIT. TU. INPUT 3
143 F V =NT C - ,1 N . LI T
144 rOUT €j _  F F T c

145 cuNCT IN COLLISS !ON 3
14: PCUTINE 3S C L 3
1-.7 P CUJT IN 0_=Q. F=.A. SET

1 2 ROUTINE FzN.F INPU!
1.4 qOUTTNE FINISH.CO4PUTITION
15] ROUTINE F3RM.TF.LIiT 3
151 ROUTINE G-T. TERPAIN 3
1 2 EVENT ic.JEPART.oATTL-

Figure 3-8

Modules Ranked by IF Tests

Continued
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MODULE IF

RANK NA14E T_-STS

15 3 PROCESS HO .R EP A IR 3

154 ROUTINE !LLUM.COMPUTATION 3

155 ROUTINE INTER.iiELO 3

15o ;OUTINE KV.SC0RZ__OAR0
157 ROUTINE 44A1N2 3

159 ROUTINE MIN.MCV= 3

159 EvENT PD 3.AC T IVAT I ON 3

1 6u' ROUTINS P;20.POS 3 0

161 PCUTINE PZEP.aT"0RAW 3
11 4 OUTI 2 0% !N,,RRIV

1-D3 ROUTINE P.MEACS.OPTTO 3

1 t.* QOUTINE REPL AC 04C

1e3: RCUrTNE TAAT.AJqPA 3
1^ OUTINEr =R.m.C

1o RCUTINS TIAE.TO.6 *TZCT

16'4 ROUTINZ AC .4UtS.IN,1P1JT 2

17. EVENT AR TY . ^CCUPAT ION
171 FUN~CTIOJN 8TR 2

172 ROUTItiE !TRY.F .: 0

173 0 0 TI N E ~r qY .F 4. E N 2

1 RO UlT INE CK. COmP.T 2,
1'5 ROUTINE C,)MPUT-z.*: 2

1 7o OU T N --_5T. 4I L . ^0RT H 2

1 77 tZ0UTTN-- FdSCj1M.C3mPUTATIONJ 2

1t' ROUTI.NE F).EFECTS.P:_- 20
1 7 o QC UT FILE .KAD. SiNSOR 2

1~ E V N T INIT.PREPLAN.CAS

1 R PU T I N M .T C F 2
1 r L OU TIN t. 3 MINLF 2

1c4. POUTINE S=AICH 2

1 i EV --N T S=-T. L-0E3UG
1~ Q ;UTINE S'4OKE.INPtJT
1 37 EviNT STOPARTY,4OVEMENT 2

1~ 8 OUTINE T8.INPUT2
I i9 OCUTrNE T~PRT~.ATNArC 2

1 Q 0 U T I w E1 q ; 0

Figure 3-8

Modules Ranked by IF Tests

Continued
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MOOULE I

RANK NA ME TE S TS

19,1 cV2NT cFR.O~rI
1142 DOUTINE C-lECK.EGA(ENT1
13 a OUTINE CO.10INE.TRS1

O~ CUJTINE 'U1
v~ TV4i T W.OL.2 SJAT! E...UE U:; 1

1;0 FUN CTION EST.R~ANGE1
197 V U PC T I C." 1S. R P~ =
14! R 0U T IN E EXPflNETIAL.F1

P 1 ~ O T I ,j _c Y)C .T R . DE Q

2-1 QCUTINE H.1SNJ!3=1
1j C'T I~ N LLU".IN.PJT

Q)2 , ZU T 1 14EI T14 .M
P- OUTINF LINiz.CICLE1

2' ROUJTINE .10 3 .. ,4PU T1
2- OUT!Ni' ' 0 r O ~CQOO
'1 CUTI-45 P.,m.'NPuT1

0~ U T I NE OS::DjN.OuTI

Z11 OUTNa S-: '4NT.."jUST1

21, ; CUT I'4' T U1 1 'T
L1: T I 'T tj u'4 I T. s; SS 11NT1

Z I PUTINE VY S. INPuT1

~1 1 _w r

- UT0 " T.MCRCC1

2 1 R CUT INZ ,>4cCFK.ST;:EN
:22 U T I~ N C)m

22. QOUTINE C EATE. TEAS
22 Q OUT &INE0- C O.N. I NO.T

Z? 7 OUTINE EPROR.STOP
~3U TI NE F RAC. C 'A P UTE

F igure 3-8

Modules Ranked by IF Tests
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MODUL E
k A NK NA ME T . ST S

2-Q ROUTIN .  HEADING
23 ROUTIN- IIIT .R INF ,]

231 ROUTINE INITIAL.DET.CT
3e ROUTINE JOH"ISON.CPITERIA 0
.33 ROUTINE K'.INPUT 0
23-* ROUTINZ MADS.INPUT
235 A'GR AM MAIN,'

T c ROUTIN-'- M1IN 1
237 ROUTINE MAIN3
23 ROUTINE Mt 0. IIPIUT
Z39 RCUTINS MFQ.INDUT

ROUTTNE , C. INPUT C
2,*I E-V =. ;4T M,) V=

242 ROUTINE MUNS .I:.PUT
2.3 PROGRAM OL %"E R. V-=; SION. P 4,3L -

4., ROUTINE O' N.I N'UT.CUTPUT.cLS

245 ROUTINF OR0. AT K
.o ROUTINE O -D.L=F

j '7 ROUT i:4F CR'..MOVDIS
24? ROUTIii= OR 0. =Ii .
24Y ROUTINE P. ..M. INPUT
'5' ROUT I-N P . 1NOU T251 P 0 U T I,,N E P^ .I T ]
"324I RVUTIN P3 S.I TJ T C

253 PRMGR 4 P, REAM L. c- j.

25- ROUTIN" P J. ' ICI T _ CT Y R
25i Q0U IT TNE k AN G C-. C ,U T ; .

S 0 UT INE RJL.-:%.INOUT
7 E ;_V'NT 5 rilOUL -  ARTY.MOV N E A= .

*5- ROUTINE S4.P2
a 5 OIJTIN ST.ti4PuT

;z ~o i .4ESJd4.INPUT
2 ROUTINE T3F.INPUT
Z-t3 ROUTINE TI4 .PE,

4 R OUTINE TT.FACTORS.INPUT •
e65 ROUTIN-E TYPE.WEAPN.INPUT

t ROUTINE wEI3ULL.F )

Figure 3-8

Modules Ranked by TF Tests

Continued

3-e6 "
- * *



-. - . . .

SC:I ENCE APPLI CAT1ONS, I NC.-

second report lists the modules ranked by functional I tests,
that is, the total number of IFs minus the number of IFs

controlling debug output (see Figure 3.9). The third report lists

the modules by maximum IF nesting depth (see Figure 3.10).

The information contained in these reports was then

analyzed. Since the IF tests for debugging are not frequently

utilized during COSAGE production runs, it was decided to use the

number of functional IFs (adjusted by subtracting debug IFs) as

the cyclomatic number for the control complexity metric. As

mentioned previously, a routine that has a cyclomatic number

greater than 10 (i.e., more than 10 independent paths) will

probably not be fully tested. Further, if a routine is not fully

tested, then its reliability and maintainability are suspect.

Referring to Figure 3.9, 61 modules in COSAGE have

cyclomatic numbers greater than 10. This represents 23% of the

GOSAGE modules. Of these 61, 41 are routines (representing

approximately 21% of all COSAGE routines), 14 are processes

(representing approximately 74% of all COSAGE processes), 5 are

events (representing approximately 14% of all OSAGE events), and

I is a function (representing approximately 9% of all functions).

The obvious category which warrants further

investigation are processes, since approximately 74% of al the
(OSAGE processes have cyclomatic numbers (control complexity

metrics) greater than 10. Recommended changes to reduce the

number of independent paths in these processes are discussed in

Section 4.8 of the report.

There are 33 modules (including 8 processes) that
contain a maximum depth of IF nesting greater than 3 (see Figure

3.10). The processes are particularly troublesome because they

::-...,3 -- :. 2- 7
)): I
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S

MODULE FUNCTIONAL
R ANK NA4E IF T=STS

1 ROUTINE BTRY.EFFCTS

z PROCESS SIOOT.OUT
PROCESS FIRE.MISSION 40

4 PROCESS HLICOPTE_.PIPE 3"
S PROCESS TAPGET.REPRT 36

RCUTIN F,.ETECTION 35
7 PROCESS .4RqIVE.5ATTL= 3,.

ROUTINE FINAL.COVERAGE 32 •
P, ROCESS ASS= SSM'NT 3'

1 j =VCNT OXF.LIN E.TTRITCO 30
11 ROUTINE FA3N.MOV=MNT
1Z PROCESS A'6.ATK.TT 27
1 3 EV .NT A. ENGG-.=m-NT 27
1-, 1')CESS AIjR,0 SER;VP 27

, 1 OQJUTINE IZL I , T. AT,

1 R ROUTINE UNIIT .INPUT 26
17 )CE S H .RETURN.rAARP 25

RQUTI1NX P(.COMPUT -

C , ZN T ST-T.3ATTLC 25
2 .  ROUTINE A.DETECTION 2. . _
21 OJUTIN C EC K .C AS. C0NSTP N T S
2 , CC-S H-L.TAR jcr.AC U'3s:T ION
- ROUTTN E q. UEST . S.

Q OUTINE F ,A . ,3 NI . A S- GN1
Q 0UTINE UNIT .NV: 21

2 OTlJTINE C .3 0M .cF ECT$ '
7 PC UT 1., Mlt?_.EF~cCTS .
. ;,3 !J T !E P>MMSN.•ASGN 20
- ICJTINE R-=_ UEST.ILLUM 22

- IJ TTINE aJ.S C T 1S m C "
1 , OUIJ T  !,,r-'. LYSiS.OUTPUT lv

S PROCESS CI S MISSION
U ' ROCESS A;TY.ASSESS
w PCJT INE ATTRIT.SENSOP

S5 ROUTIN- CIECK.PROX
3 t ROUTINE TACAIR.INPUT 17

77 QOUTINE AC .OF. EFF-Z CTS 16
R-" RUTINE SENSOR. INOuT 1o

Figure 3-9

Modules Ranked by Functional IF Tests 0
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SCIENCE APPLICATIONS, INC.

M4OOULE PUNCTIO)NAL
RANKNA ME IF TESTS

3Q ROUTINE EN . CA S.mIS SI O:4 13

*4C F v FtT -:T NXOO
41 ROUTINE aTRY.INPUT 1 4

ROUTINE C61ANGE.LOC 1

~3 R OUJT IN 63T C4E 1' 14
q 0 CT I N 'Tk.-TL 1.

45~ ROUTINE CFR.0D2T=CTIOK 13
05~ ROUTINE 02 A 0.UN IT 13

47 PJUTTP4 E %I! N 07L.1Y 13
4- ROUTIVE qi.O3 MRS 13
4, 9 OUTTNE H-CR. :CM. C4UT.TI ON 12
5..j FUNCTION m2-. WLr 12

j -1 ---VUTINE w-fA.NEPT 112

5 3 ;CUTINE CA S. =V3L 1 1
5- P JU T loE z- 4 L 0Y.L C T FR S 11
55 P;ICESS 11

537 P;OLESS MIN -.!SSE5 1

:) * PUTIriE .pi '- -0 :N 1

t 1 EV ;- NT START.MOVE 1 1
R 02 RUT I NE CHECK. FOR .:N;S C1

~3 C UT I N F ZST E F F CTS
;Z ~C iJTiE I .S.T * R'. ~

F 5 QC U TI N AL. iATT L C,
-^ ROUT IN E PR ': i-.L!STI

" 3UT 1'E ~LLU M. a-P C T 5
G Ru TI N 'j'T:'UT.!TTR1T1AON

F 71 RrU T INE p I q. 0 C T Z T 1O0
71 R0L T IN E SWCKE =FECr-TS
3 ES EVE NT U 3A T E.L 0C

E EEN T FFE3A .SOP T I
73 OU TIN E F ILE.F 1)- 5C 1
7-) ~V ENT E L N G AG M N T

Figure 3-9

Modules Ranked by Functional IF Tests
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-SCIENCE APPLICATIONS, INC.

MODULE FUNCTION~AL
RAKNA ME IF TESTS

77 ROUTINE KV.PRINT
7.8 ROUTINE OQIENTATION 3
79 ROUTINE OJTPUT.ZA~zENtITURES 3
3C j POUTINE PJ 6.CE T EC T ION
31 ~PFOC 5S .mOTF.PILOT.VEHICLE 3
32 OUTIN5= SIZE.i-STI%4.TE 3
3 '1 RUTINE TARGzT.ANaLYSIS d
34 ROUTINI: AD JU ST 7
iD PRO)C 5S A 50.N .P4D 7

. EVZNT OTL.ENOEr 7
e7 Q 0U TIriN E EQF'4A.SET 70
A -tr %NCT i 3N FjEdA.3ANO 7
Z'y:1G ~JT Ai~ MA qGIN -1L. E FFzC T S A:) 7

-: ROUTINE )_ARCH.C0V'_';AGZ 7
"01 =V=NT CF Q.ON 6
9? ROUTIN= *]ST R Y . O!.j

DO ~UTTNE i.LA.IN;)UT
RO~UTIN= LOCATE.S=IRC,.aR A

47 POUTINE N P ~JU T
SROUTINE N 0I1SE fE'.R A 0

99' ROUTINE U E ST =_F . FA SC..M 40
I 0 RGUT I.A RZ .4EST * =AsCA4

* 1 PO0UT in E SH )T 0. VOL La-Y S
1; CCESS 0i:rH .?"I

V~. VN T CzR. 1C T IV .1T ION
1~' R.JUTINE C~zCv,.JEA3 5-
1 '5 ROUT lii= ''1CK..FOFCE 5

* R OUTTN.: CO PA;,.TPS 5
1 i 7 ROUT INE C EAT-.='-cL= 5

I ;O~UTINF FE 64 N IT I.L 5
F ll. UNC TIO0N I'.M.WL~ A

11 VENT ;) B.OPERATCR 5
* lc CUTINE PLAT.COUNT 5

-7 1 1  OUT I N PROX.CHiEOK 5
* 14ROUTINE Sw IT CH FrO 5

Figu, .-

Modules Ranked by Functional IF Tests
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-SCIENCE APPLICATIONS, INC. 0

NODULE FUNCTIONAL
9&NK NAME IF TESTS 0

115 ROUTINE VT LLEY 5
11o EE NT AC T. ATK 4
117 IOUTINE AN,;L .4C0MUT-. 4
I1 I 4 UT r,. F 3T L. C' -rE C K

114 ROUTINE C=R.OE:PAOE 4

12} FiJCT ION CO ASINATIONS 4

121 0 UT INE C3TT RAST.TI.F '-
"
Z

1 2. ROUT l,4E MP TY 4

123 ROUTIN= :.;.Tz-.INPUT 4

1 21, ZOUTINE FA RP. INPUT 4
12D PCUTI'E SAMIAo -.

12; ZOUTINE H: .CC J' T .'I;4:. S 4

12? RO UTINE M=- L. ; C4MPUTE 4

12: '; CEIS P-i )T O. 1 .FL 1 HT 4

1 EV-.NT A: T. R2 I'o. 3 0

131 CUT IN d A?.0 E'TrCT .JN 3
132 U NCT!')N A .P T c--T , T 3

133 vENT C' -AN L T '3

13- 0UTIN,- C- .F '.T2 3

1" F U C T I')N COLLiSION 3

1 3 ROUTIN. OECI0 3
137 Evr-NT .G-GEu -.%,T 3
1 - RJUTLNE Z RQP.CHCC 3
1_ PCUTINE F3:4.FO.ljPU"r  3

I.: R UTIN= C,' T. T'.IZ I- 3
1,1 PIk)C;SS m w.R3PA R

1.. ROUTIT'i KV.SCCCZ:OARC - 0

143 POUTINE MI N..MOVE 3
1. =VNT 23 .CTIVATION 3
1. 5 ;CUT I xi E 0. 2.S 3
1, Q OUTIN PQ =P .,,IT,.. 3-
14? OUTIV4E REIN.ARRIVE 3
i 4 ROUTINE RzSm T.F EBA.SECTOR 3 0

1'. :OUTIN. SIGC E.COMPUTATION, 3
1 5 ROUTIN E S4 AP .P

151 E VFNT START. AZTY.MOVE'AENT 3

152 ROUTINE TACAIR.3ATA. R PORT 3

Figure 3.9
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S -- SCIENCE APPLICATIONS, INC. 0

1MODULE FUNCTIONAL
k ANK NAME IF TESTS "

153 ROUTINE TERM.CHECK 3
154 ROUTINE UNIT.PRIORITY 3155 !VENT A2TY.CCCUPATION 2 .
15t ROUTINE BTRY.FM.O; 2
157 ROUTINE 8TRY.mzNw'
153 ROUTINE CAT.TU.INPUT 2
15 ROUTINE CH ECK.LIST
1o1 ROUTINE C'fK.COMP.TR 2
1 1 ROUTINF C3wPUTE.W) 2 0
162 QOUTINE C2Q.F23A.SET 2
163 ROUTIN= FZ .EFFECTS.R-Q 2
1 A 4 ROUTINE FIfNI S6.COMPUTATION 2
1o5 ROUTINE F)RM.TF.LIST 2
166 NVdT Z.DEART.dATLS 2
1o7 ROUTIN E HC.EPTY 2
16S ROUTINE LL'JM.COMPUTATION 2
104 ROUTINE INT=R.H-L n  

2
17,j ROUTINE LOCATE.SCTO 2 TO; 2

1 171 ROUTINE M A IN 2 2
* 172 QOUT N -E ,Q T. TO .,ARE. .173 ROUTIN= NORMAL. 2

174 ROUTINE P,0S.IN F l

1 7) 2 UTI ,. S- R Cm2
17o EV=NT SET.O-U.,4 2
177 POUTINE SO OK E. IP uT 2 --
1 7s E VzNT ST P. ARTy . MOV M=-CNT
17 OUTI N T! .rNPUT 2 5
1 6 OUTINE T" ;.'I ERATUR :.ATT NU T ION 2
1 1 1 POUTINE TIE.T. ETECT 2
1 1 Z QO UT -C A *' UNS.Z~iRUT 1
1 FUPIL T 1 0. .YAV L-?L: 1
1 E4 _VENT Lr- OFF 1
1 5 ROUTINE C- EC ,.-NGAG=M-NT 1 ,
1 ROUTINE COM51'i.TqS 1

eL? ROUTINE S T. M'L.OT 1
S1 3 RCUTINE EXPONENTIAL.F 1
1 1 ROJTINE FASCAM.COMPUTATION 1

OUTINE FOC.T.c I ""

Figure 3-9
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r-SCIENCE APPLICATIONS, INC.

M4ODULE FUNCTIONAL
;ANK NA ME IF TESTS

* 1 ; 1  ROUTINE FOC, TZ. ENC
* 1~.K OUTI\:: PIL=.K4t0.S=hSOR

1Q ROUTIN~E 'LLUM. INPUT1
i;4 ~vET I'N'dT.PRPL1N.CAS1

R10"1r RO'ji - 14 r 1 rAL.MOV)~
1.* OUTI1:E L I N .CeCL 1

1t7 POUTINE M003.INPUT1
1; ROUTINE C .mCCQ
199' ROUTIN= P;M.INPUT 1

L ' L ZUTIN2- PCS!TTO;4.OuT1

0 QT I N P; 0 x.rI 1 S
* .2f 3 QCU T 1.4 -6 ;'%.EFP=CTS C .0 m.'"A TI 10.

'4 RoUTINF P=PLACz.HIC1
j R CUT T N S. &-.4 E N. 4 OJU ST1

e~ ROUTIP4= SY INPUT I
-7' R 0uT 1:4 2 T-..:,4?UT

QPouT:NF VIS. :,.PUT 1
Z0 EV=NT -T
21 CV =N T 'TmCC

41 .,uTIN- TA EiNQ0'UT114z 
-

1 4 QuTIN C1 ECK. ST 7IN
21 5 ~oRI- 0 U TT.C

217 QOUT I r R.T=. -- m
Z1 R 'C 'JT IN E JC I10N. !N PU T

2 21 P ~C jT I C~ S N . , U EU E
. V !4T L; 7.S1";T j

221 E ~V NT "'vC.SI'OULATION
2 2 PC!JTIN.. E ER3.STOP

2LF U~jC T 10N S~ T. R !
4 PUNCTI ON 3 T. TR. Q-4NJ, J

22,* RCUTINE F AC.COmPuTr
2 2 R OUT IN5 z-<OSN-

R J.. UUT IN E 1NIT . IN

Figure 3-9
Modules Ranked by Functional IF Tests
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SCIENCE APPLICATIONS, INC.

4OOULE FUNCrION L
RANK NA ME IF TESTS

2 2 ;CUTIN -" ...CR T=CT

231 ;OUTI- =  Kv .Ir UT T
232 UuTIN.-- Mi 3s.I~d3UT ,
2 3 Z Ru T iiM d:' 3 N-l

2". OUT:N .44 1' ,1
L3i R OUT INE %4 l Nk 0

(3o 0CUT A i 3. 1I P'JT
PO C UT!N m: Fq. I Pu T

0i RCUTTN= 'AcO. IN UT I

23 o VzNT mo V= •
2- J ZC'JTT NE 4jNS. e4PUT
241 -)GRM Z , M L2 , 7OUT I N,- ')D=N. !;,P~jT.0UTPUT . TL'=S " '
2-,' CuT IN. 0 TK .

0 U ;c T :'4E J, j. j-
L. '..5 Z)UTINF J . :C.'/;;:S 3 0

7 OJUT I!.E P. - . D JT 0"
Q ROUTI;- Pi °. U T C

E VIN T ?SIT NO. 7-- T -P
251 fA PM P- L

1 5,. OUTI;- CJL. T. I ;JT -

25 E =v-.. T 3: -. =  E A T Y OV NT'

< " OUTIri .  5? .1 NOU" ,-.?.IJ , S k4O

P LOT I'N ST . I .- '
L U TI ' : 3Js . P UT

.1 R UT I,: TY . " PUT I

0 R UT I N E TN T . ,,T S .,; T

"" 0OUTIN- WTE.=juLL.iT

Figure 3-9

Modules Ranked by Functional IF Tests
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SCIENCE APPLICATIONS, INC. S

PODUL E MAXIMUM - ,
.(ANK NAM 0 ,ED. D TH - ". .

1 E VENT G=T.NX.N0 7
R ROUTIN- CIEC K.CAS.CONSTRAINTS
;OUTI-iE J=STR(Y.CRj

O5 C=S0 FITZ-.CISU N -,

5 q0UTIN- P.CtjMPUT=_
9 0 FtS S T G . q P T

7 k CUT N - ,T . ."N XT
P OUTIAE DT.r.EcCT S 5

1 R ,,J T I q ki F- : -!-TS 50 U T1 %L;I T ~T~C TS1
12 RGUTINC .O._TECTi3' 5

13 4OUTrNE PL AT. C'JU\T 5

1, ,RSUT NE ,.E:T . S

1 ' 0 'JTI 4C..:GS.=FFiCTS 4

1 7 E V-AN T A).E I- ,M N
1' P; )CESS -TY . ASS6S.
I O kOCEsS C, S., !SS . . .
22 OIJT A'NE C A ',J .L .C4
'1 RCUTI ,E I T
22 'UTI',_ , 4
2 P ;0UT ,- ,LI -r-T. TTr '

2 5 0 ;CCE S S < 4~;.~
? 0 P 0C S S L".=L T A ; T,.AC,-,- .S ITTO 0-- -...14...

7 CESS M L:COTED.IR.-  .

" cN.IT:' E : E.-'LAY 4
d ," RGUTrN "  R5 :.LrsT .

P a OLT 114 : .'-,U -S T . :'OK 5 .

.i "UTTN RUST.m.FASCa M
0R ORcE ) 3 $ ')-40 T.UuT

: V NT ST,1; T . -" TTL-

') OUTIt. 4].S riYT
S !, CI .C-S-V- 3 S.1 R . . -

,7 FUNCT 10N A .;;OS.3.T:CT 7

? ~RcC SS 5 S S5 3

Figure 3-10
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M4ODUL E M AX I MIJ~4
ANK 'AM -

.4 *TI ~T - Y. Ou.T 3

N, !:T C
.4 $ T C~ -4 P, . F~ T*

1 Tt .2IZ C C T

4 ,U r. O;,L c J-A 0 Y 3
57 'jT O3~~ -. 4., S;:~

C 1 'UTL 4 ~ L T C :1 .CK

' 'JTI I L
u~ r SA I . Civ

I= SOTN S 3.-.

'* IuTI: .77 T1 11 T

< A T T

R 1 UT 1 L . .



SCIENCE APPLICATIONS, INC. 0

MODULE MA XI MUM
RANK N A D2TH E T

77 .V=NT UPOAT-.LOC

7 3 PROCESS C .ATK .TGT 2

79 EWN A:T. AT K 2
30 E Nr A CT. MCV S 0

I ROUTIN E I JU ST 2

2 ROUTINE A'1O.CPT 2
?6 ROUTIN= ANA LYSIS.(UT UT

q, OUTI,. AN'LE.CQM'UT: 2
3 RVUT I N S A:.0E :CTI ,,

3 CUTIE LUCK.LOS 2 S

7 ROUTINE 8TL. CM1ECK 2

3 i ROUTI iE TT .Y .Cm. -.., 2

'i R3UTIN - CI T. TI. 'jPuT 2
) 1OUTINE C- . LIT

~2QOJTrNz C- CKFC AIA
P5 OUT N E C'-E:.FO F

Z OUTINE C-4K.C MP.TR 2
i R'OUTINE C:-T-.CkCE 4

: 0UTINE .U ST . r ; C T S 2

j7 ROUTINE IPTY

4. OUTINE 1-.1'1. INPUT 29g ~ ~ SOT N ST . M:L.,,jRT-io

1 (''j ;OUT INE F ;RP P.C-1 C&-..

1 =v.T 2-1.S0FTI5

1 P0UTINE FI 4I Sm .C 0 APUT .T I0 I

1' POUTINE F^,'I .TF.L!T

1 , ROUTINE G-N;R4L°aATTL .

7 P ~3 uTI N Hz.L-.INPUT
ir UftC'r I ON "-. L -

1 ' OUTINE E L. ; iNlE.CnMPUT_
11 " PROCESS H) w. RE=-PA IR 

•

111 ROUTINE ILLUM.COMPUTATION 2

112 ROUTINE I , LUM . : E C T
11. ROUTINE I,4TE9.3ATTL=E
11. ROUTINE KV.,RINT 2

Figure 3-10
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-SCIENCE APPLICATIONS, INC.

MODULE MA XI MUM
AIKNAME DEPTH

115 ROUTINE K V S C0R E 0AR 0 2
11: QOjUTIN LINJ2.OF.SIGHT 2

117 OUTTE LCATSS=ACHA7_A2
11 zi POUTINE MtRINAL.zFECTS.1CJ 0
114 ROUTINE MI .INPUT 2
12- RCJTINE NOIS=.J!.D 2z
1?1 RCUTI*is OqIENTATIOhd
12 RCUTI.%5 OjTP)UT..4TTITI0N 2

1 23 =-=T P~r.OVERTUR 2
12.. ROUTINE R'.MHS N. A3 N 2

127 O UTIE 1 ,;:POX.C.1ECK 2
12: 2GOITIN; REPL AC;-. HC
1~ 2) CUT INE R U;_ST.J=_F.FA3C.Mi
1".. RGUTINE S3E!4S0R.:NPUT 20
1 -1 EVZNT SE.1U 2
13~ ACUTI14E 5%1OK .C014UTATION 2
133 3 J T IN~ S1AOK2_.FCTS
17-. RcbJT!N: TE=iPzRTuv.TTENU.T10. 2
13 0 U TI N g LNIT.DiRIGRITY 2
1 3o RQOTINvE 10LL Y 2
1 37 0 0U T I Wzw 1 ~IS T ]V 0L L Y S

I3 ;OUTIN= AC.M4U'S.INPUT1
1 P ; c ~CE25 S Al .N.R a OA 1
1 1.1 q0UTIN= ;j,.JDTECTIONJ
1h 12 = 1 : T ARTY.OCCUDITION1
1 43 PC UT IN -jz ~T -oE 'N . R0U T I N
1 14 cUNCTIIN T RY .A VAI L A 8L 1
1i 5 OUT INE 3Tpy .FM
1 )- ~Vr-N T C F K.OF 1

*14.7 E ET C= .O~ 01
146~ ROUTIi 2 C41ECK.3E.A0 1
14-) ;GUTINE C1IECK.ENGAGEMENT 1
1 15 ROLUTINE Cri ECK. LIST 1
151 FUNCTION COLLIS !ON 1
1 2 -U NC T I IN C3O3INATIONS 1

Figure 3-10

Modules Ranked by Maximum IF Depth
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SCIENCE APPLICATIONS, INC.

MO UL E I XIMUMb RANK .. NAME CEP TH

" 229 ROUTINE H=4DING 0
.- 230 ROUTINE I4IT.REINF 0

231 ROUTINE INITIAL.DETECT 0
L 232 ROUTINE JOHNSON.CRITERIA 0

233 ROUTINE KV .1NPUT 0
234 ROUTINE MADS.INPUT 0
235 PROGRAM MA IN 0
236 ROUTINE MAIN1 - 0
237 ROUTINE M4IN3 0
238 ROUTINE MAO.INPUT 0
239 ROUTINE M:FR.INPUT 0
240 ROUTINE MFO.INPUT 0
L41 EVENT MoVE 0
242 ROUTINE MUNS.INPUT 0
243 PROGRAM OLDER.VERSION.PREAMBLE 0
244 ROUTINE OPEN.INPUT.OUTPUT.FILES 0
245 ROUTINE ORD.ATK 0 
246 ROUTINE ORD.UjEF 0
247 POUTINE ORo.MOVoIS 0
24 ROUTINE OR 0. REINF 0
'4, ROUTINE PE.M.INPUT 0

251 ROUTIN~E P1 INPUT 0
251 ROUTINE POSITION 0 0
252 EV=NT POSITION.REPORT 0
L53 PRJGRAM PREAM5LE 0
254 ROUTINE PROXIMITY.REQ 3
255 ROUTINE RANGE, COMOUTE C
25o ROUTINE RUL. EN. INPUT

.-. Z57 a-VENT HFE DUL E. A RT Y. MOV EM.INT 0

25A OUTINE SNAP2 0
259 RCUTINrE ST.INPUT 0
260 FUNCTION STAY.T14E
t,'I ROUTINE SJnM.INPUT 0

2 2 U TI4E T3F. INPUT 0C
2t3 ROUTINE TIME.REQ 0

o 4 ROUTINE TT .FACTORS.INPUT C)
Z65 ROUTINE TYPE.wEAPON.INPUT 0
265 ROUTINE WE.1BULL.F 0

Figure 3-10
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SCIENCE APPLICATIONS, INC.

MODULE MAXIMUM
RANK NAME DEPTH

191 EVENT PCB. ACTIVATION 1
192 ROUTINE PS M. INPUT 1
193 PROCESS PIOTO.IR.FLIGHT 1

194 ROUTINE POSI TION.OUT I
105 ROUTINE PRED.POS I S
106 ROUTINE PRO3.TIME 1
197 ROUTINE PROX.POS 1
198 ROUTINE RE M. EFFECTS.COMPUTATION I
199 PROCESS REMOTE.PILOT.VEHICLE I
200 ROUTINE RFSET.FEBA.SECTOR I

201 ROUTINE SEARC4 I

202 ROUTINE SEGMENT.ADJUST 1
213 EVENT S-iNO.TEAM 1
IL- ROUTINE SIZE.9STIMATE 1
205 OCUTINE SMOKE-.INPUT 1
23o EvENT STAPT.ARTY.MOVEMENT 1
2 ,7 E VENT STOP.ARTY.MOVEMENT 1 0
4'1 ROUTINE SYS.INPUT 1

209 ROUTINE TICAIP.DATA.;EPO;T 1

21] ROUTINE TARGET.ANALYSIS 1

211 ROUTINE T3 .INPUT I

211. ROUTINE TERM.CHECK 1
213 ROUTINE TIME.TO.DETECT 1

£I1 P OUT1NE TR .INPUT I
215 ROUTINE UNIT.ASSIGt4MZNT 1
21o ROUTINE vIS.:TNPUT I

217 FVFNT ACT.DEF 0
21~~EVENT AST.MOVCOR -

21i FUNCTION A:T. RANGE 0
22,- V c 1NT C4ANGE.vEATHER 0
221 ROUTINE CHECK.STREN 0
222 QOUTINE COMPUTE.O . .
223 ROUTINE COPY 0
2-74 ROUTINE C;EAT .TEAmS 0
225 ROUTINE OECISION.INPUT 0
226 =VENT EN 0.S5I1 UL AT ION 0
227 ROUTINE EPRO;.STOP 0
2l ROUTINE FRAC.COMPUTE 0

Figure 3-10
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-SCIENCE APPLICATIONS, INC. 0

MOOULE MAXIMUM

RANK NAME OEPTH

153 ROUTINE COM31NE.TRS 1

154 ROUTINE COMPUTE.wD

155 ROUTINE DECIDE 1

15o ROUTINE DEQ.FEBA.SET 1

157 ROUTINE 0:.CMSN.dUEUE 1

15 EVENT DQ.OLO.SORTIE.QUEUE 1

159 EVENT ENGAGEMENT 1

160 FUNCTION EST.RANGE
lol FUNCTION EST.TRRANGE 1

ra 162 ROUTINE EXPONENTIAL.F 1

153 ROUTINE FARRP.INPUT 1

164 ROUTINE FASCAM.COMPUTATION 1

165 ROUTINE FO.EFFECTS.REQ 1

160 ROUTINE FDC.TR.DEQ 1

lo7 ROUTINE F3C.TR.ENQ 1

19 ROUTINE FEdA.INITIAL 1

1J9 ROUTINE FILE.KAO.SENSOR 1

17,6 ROUTINE FIN.5ATTLE 1

171 ROUTINE FIND.START.TIME 1

172 ROUTINE GAMMA.F
1 73 ROUTINe-  HIC.COMPUTE.TIMES 1

17. EVE=NT riC.OEPART.6fTTLE 1

175 ROUTINE m--.DISENGAGE 1

17o ROUTINE H: .EMOTY 1

177 FUNCTION IzM. WLA 1

1" ROUTINE ILLUM.INPUT 1

179 EVFNT INIT.PREPLAN.CAS 1

130 ROUTINE INITIAL.MOVE 1

I? 1 ROUT1,E INTER.HELO 1 ,

132 ROUTINE LINE.CIRCLE 1

1;3 ROUTINE L2CTE.SECTOR 1

184 ;OUTINE MAIN2 1

15 ROUTINE MIN.MOVE 1

15o PCUTINE MPOe.INPUT 1

137 ROUTINE MRT.TO.FRBQ 1 6

138 ROUTINE NORMAL.F 1

*139 R OUT I NE OR 1. -OVCOR1
190 ROUTINE OUTPUT.EXPENDITURES 1

Figure 3-10
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SCIENCE A:=FLI CATONS, INC.

can suspend, that is let simulated time elapse, and then restart.

There is no guarantee that the conditions that were true prior to

a suspension are still true afterward.

3.5.2 Operand Complexity Metric

In order to determine the operand complexity (Halstead

Length Metric) of the COSAGE source code, each module was examined

for the number of operands and operators. The number of operands

was gathered in a semi-automated fashion by scanning the code and

marking the occurrences of each operator mentioned in Section 2.3;

namely, +, -, *, /, >, (, =, , **, ADD, and SUBTRACT.

Additionally, phrases such as UNLESS...IS EMPTY, FOR EVERY, NONE

imply a relational operator and were included in the count. In

the example given in Figure 3.11, there are 24 operators. (Note:
The "ADD" on line 3614 was not included in the count since this

line of code was added by SAT as part of the invocation study.)

The number of operands per routine was gathered by

manually counting the number of occurrences of line number

references that is produced by SIMSCRIPT upon compi lation of the
COSAGE source code. All references were counted and included the

following:

Labels
Global variables
Recursive variables S
Define to means
Routines
Arguments
Sets
Temporary attributes
Permanent attributes •
Implied subscripts
Permanent entities
Process notices
Function attributes
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In thp example shown in Figure 3.12, the total number of

operands is 93.

The Halstead complexity is the sum of the number of

- operators (24) and the number of operands (93). For the examples

shown in Figures 3.11 and 3.12, the Halstead length metric is 117.

As with the control complexity metric, the number of

operators and operands were tallied using an SA]-developed

configuration control form. An example form is shown in Figure

3.4. A post-processor was written to list the COSAGE source

modules ranked by Halstead Length. The results of this

post-processor are shown in Figure 3.13.

As mentioned previously, if the Halstead length metric -

of a code.module is 270 or greater, it is likely that the module

was not properly designed with respect to module/submodule

allocation. It is also likely that the module will be difficult

to debug and might be of poor programming qualilty.

Referring to Figure 3.13, 57 COSAGE modules have a

Halstead length of 270 or more. This represents approximately 22%

of the COSAGE modules. Of these 57, 33 are routines (representing

approximately 17% of all COSAGE routines), 16 are processes

(representing approximately 84% of all COSAGE processes), 7 are

events (representing approximately 2% of all COSAGE events), and 1

is a function (representing approximately 9% of all COSAGE

functions).

Further investigation of the processes in the COSAGE

model is obviously necessary since 84% of the OOSAGE processes

have a Halstead length of 270 or above. Recommended changes to .-
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MOULE HALSTSAO

9ANK NA ME L =NGTH

1 ROUTINE aT RY. E FC T S 16 3

.PROLCSS %:..TK.TGT 144
3 P R (iC ;SS --40)T.OuT 1415

"L E SS AI R. 03 V 103

5 PCOL ES S CA 3_4'S zIh IN 130

0 p~jc F5 S FIz2.m'_ss:3JN 2

7 P~uC=%S HaLICOPTE .Fl;Z 877

- qOUT 1 FI NAL. C 0V E;ZA 536

1. -'CUTINE FLIarlT.0-TH7v
11 Pp~jcSS HE L.rTAR -;ET. AC UIS:TTGN 791

*12 D;QCESS C7SoV
1! pF'.)C;ES T1P D T . E 000Tc-I

- ;,j 'j T I., S' P 1 p '77

1 'IRCCE S .S SE SS"~r.Tt,7
1? 'o = 5S -4 R7_1,= i L 6-.7

1~ ~ NT 'S 
-rL

1~ J UT I N =-ST. C V E

C1 CU T I N ~ C T IC;N 515

0 U T Or tj~ T aC 41 %,:DU T .451

2* L- ~ Z TI. N~ p L 3 .m . a 429j

~T I. :-IPZ : .F.--LCG05
27 P.kOCCSS CEmTE).PLI(CTE1L

D. RC LTFN S <.NSO~t.FAU 35 ) S

u !~EET :,4 F . C T 1

1 ^7

> our:NE ENERA.z:.T z

Figure 3-13
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1400ULE MALSTFAD
RINK NAME LENGTH 0

3 Q , OUTINE M!NS .E FcCTS 338

41 V T UF LIN ATTRTQON '33
4j P0U TINE C I C K . C AS.C'NSTA I.NTS 325 0
' P OL.SS A;TY.ASS SS 323
/. POUT iTw DCSAD .UNIT 322
.j ROUTINE A)JUST -1,1
4: OUTT%=  ALYS IS., UT PUT 305
47l ORC C E S Al R1oRN E . R 43.1 2 3,
4! _ V-NT 3TART.'4OVE 295 S
4 RCUT I N C K .F() . m 1IN = S 292
5... ROUT I, U N T.ENVIP 292
5 1 FuNCT C T I .AL 2$6
52 EVQNT JPDAT=.LC 2 2
5.; iQUTIN H, mOTY I
Z EV=NT F .: . T7, S
5) 0 U TS,:" ,: ' -. L)C.  2?,.

5 OUT I% -L. CA S.IAISSI )N 273
j? ROUT - U": 1 T . !.Pu T 272
5j E VENT C, O -T5', OUTIr- S'4M,, , ),7 . :.
- ROUTIN- 1' T. R. Tr L 262

O1 OROCESS ' 3I-. S3;S S 2 2
,"; R UT IN?.- P ,C,, 'A .7 U 'T. 5 ''

4 qOUTIN LF- . S. Z

ROUT- ., .• Z-T=CTICN 250-- ,OUT r , C . -O 252 . _.

c) : UT :,4 I L. -J. SC 10 2-5
: Z " UOUTINE :..'C KO.C OS 74. *

- 'uUTINE 0 UTAT1'
71 R0 UT NE Ci!S.Q• VAL 2
7E qOUTINE CFR. T=_CTIOt 222 0
1! qOUTINE 4 PTY 1 4
74. ROUTrNE MAR;I ,AL.FF-TS. au J 214.
73 .R')CESS WITH ka 213
70 ROUTINE CUST.EFF ECTS 212

Figure 3-13

Modules Ranked by Halstead Length

Continuec 0
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M40ULE MALSTEAD
RANlK NAME LENGTH

77 ROUTINE HC.O)ZSENGAGE 2O)q
-:.- 78 ROUTINE MINE. ELAY

79 !VENT P0'.00ERATJR 207

1," QOUTTN4 O-JT2UT. "- _N0ITUR S 20" "
I ROUTINE SEAR C6. COVZ'Q AGE 205

84 r-UNCTZON It . WLA 2G3

93 ROUTINE 4I, .INUT 20')
i ROUTINE TA.RET.AALYSIS I83

15 R UUT I,E INTER.HELO 185

So R UT!NE PI R. -.TFCT 1ON 194
"i1 POUTINZ w- AT.N' -XT 14 4

.39 ; U T INE ,MJN S I N 0UjT 17.9

;: ROUTINE :TRY.INPUT 177
41 GuTIN E L LLJ.. EFFzCTS 17
; C RcurI, -3_ T, ==. ROUT 114 173

43 ROU":NE KV.PRINT 171 •
4 V'N T GE T.NgX. OR,, 1o09.

5 P (UT N P) 6. DE T ECT ION 1 6 .

.0 RUUTINE P- 7 '.'RE .LIST 1 2
47 RCUT INE A .JUEST.FASCAM 102

96 ROUTINE R_! U ST.oO.FASCdm 156-
'0 VZ.NT J1r L. EN 3E 15 5

-1C OUT!11E i UTPUT.TRrITTNh 1)5

0 1v.1 N NT ACT. , 1
i UUTINC F-2A. INTI AL 153

"'" I13 2 OUT IN E A AQ P T 1 "-.-'-.

1' ROUTINE WEIpHTr,.VOLL!YS 14.

15 VENT ST.2T.APTY.4OVN ENT 147 -

I ;o .=v-T ON 1,'.I 5" ''

*1 zv VitT ,Acp .04 1417 0 1UT Tq ti C . 5!T E CTI 1 ,.%-,

I 4 ROUTINE READ.ORD=RS 1 30
11k PCUTINE FARRP. INPUT 117
111 ROUTINE C I"CK.D-AO 13-

2 O11 UTINE CREATE.FOQCE 1 3"
3 11 R OUTINE TACAIR.OATA. RPorT 13o

"11, QOUTINE HC.COmPUTE.TIM S 135

Figure 3-13

Modules Ranked by Halstead Length
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MOOULE HALST-Am
RANK NAME L.NGT H

115 ROUTINE H= .LA. INPUT 131
110 ROUTINE Tic. 1PLUT 12,3
117 qOUTIN SrZ-.ESTIMATE 12€
11d FUNCTION FEBA.3NO 123
119 ROUTINE TIME . .TO. ErECT 121
12r POUTIN! S4 ITCH.FO 11,

121 ROUTIN E UNIT. SS NMc NT 117
122 ROUINE FILE.KAD.SENSOR 116
123 ROUTIN Kv.SCOREOARO 110
12-4 ROUTINE L)S.C-1IzCK 11e

125 RJUTINE 3TL.CH:CK 1 1
12 t OUTINE SwCK E. C 01,'JT- TION I
127 POUTIN E f .4 NS. IPUT I " 7

1 P 1cr OIJT,, CIECK.z ;Cc 1,15
13.i . RiwUTINE VOLLEY 1 ]5
131 QGUTINE CIT.Tu. I'.uT 102
13, E V _N T 9, ' T . * !'F 101

1 3 ROUTIN= ,:I . olTTLEl
1534 ROUTINE 16 LJM. C"M UTAT or.
I 35 POUTIN- LI.N .CIRCL 99

13-, Q C JT I N T U jT S
R 137 OUT:N ML. I N ;e. C C P u T : 7

1 30 1 qOUThIN.E E 4 E 2. SE T
13 ROUTINE CFR.. Ej;A 3

" 14 - P JTIN N . Jl U"

142 0OUTIN % 0. IN PUT 91 0
1 .3 ROUT ', uN IT .0qT09 TY ,4I

1.. O.UTIr E C:1I=1E.T -S

1 -eo ROUTINE Pi .N;UT 37
147 CUTINE FA SCAM.C04UT.1TI'N 25
14! ~OUT 1N = P-7 0. P 0S ? 0
1 I'. Rf.UTINE PROx.C -CK 25

5. 5J SV-NT CFR. ACTIVATICN .
151 2GUTINE SYS.INPUT i3
152 -VNT PO .ACTIVArICN

Figure .3-11

Modules Ranked by Halstead Length
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MODULE MALSTEiO
RANK NAME .LFNGTH

153 ROUTINE FARRP.CIECK 30
154 R0UT INE PLAT.COUNT
1 5. ROUTINE C: PY 70
15o ROUTIN. FaN.F0.INPUT 7; -157 ROUTINE 4A0..INPUT 74
156 ROUTINE R2,UEST.3 F.;AS-C.4 73
15y ROUTINe TT.FACTOQS.INUT 73
loO ROUTINE CIEC.LIST 71
161 FUNCTION dT;Y.AVAILA.L: 7]
1 2 ROUTINE TYPEm."AP'; I iOUT 7f.
163 ROUTINE r;3R4.TFLIST 6"
104 EV EN T 1NT.PQEPLAN.CAS 61
lo5 RCUTINE C OmTE. 4 0 67
1 o ROUTINE I'1IT . RENF
167 Q0UTIN_ TEc ,o =R ATUP E. ATT NU4T 'O N 003
1e ROUTINE RE SiT.Fii.S2CTP R54
164 EV NT "T.MOV DiS o3
17 RUUTINE CI.LE
1,71 ROUTINE GA M4., ?
172 qOUT INE R.MAL . F:
173 POUTIN R M. EF F EC T S, C OMP TTIN o2 
174 4OUTIN= C3'TRAST.3.= Q,
17i FUNCTI3N A;.PRO3.,';TCT Oill
1?o R UTI - OESTR U T 

--
4 

....1 77 RCUTTNE N! ~ '
176 cUhCTION CJ 

..
48L1ATj04

179 ROUT:NZ MA1N2 5
1 IC ROUTINE P C3 N P 5.
11 rU'CTION COLL:SION 5'
1 EV TNT '1.JEP;4T.3ATTLE
1-23 RGUTIN- IV.INPUT 5
1 ?. ROUTINE P3M. INPUT
1 OUTIN: F A".C0 4PJTE c7
1 R. i R UTINE R=PLAC:.NC 37
1 7? ROUTINE PROi.TI,E 5o
.. GUTINE MCFR.INouT

S13 y qCUTINE CO.PA . TRS 53
V Y UOUTI NE RJL. EN.INPUT 5 '

Figure 3-13

Modules Ranked by Halstead Length
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MODULE MALSTEAD
r ANK NA ME LENGTH

191 ROUTINE MPOS.INPUT 52
1.2 ROUTINE Pq:P.WITHORAW 52
1 43 EVENT STOP.ARTY.MfOV=MENT 52
144 S .VENT ACT.MOVCO: 51

1j ROUTINE P SI T N 51
19€ ROJTIN SEARCH 51
19/ RGUTINE OEQ.FEA.SET 5 1
195 ROUTINE LOCITS.SECTOR 50
199 ROUTI NE P.E.M.INPUT 5
200 ROUTINE W4IN. MOVE 49
211 ROUTINE SJ3M.INPUT 4
2% ̂ OUTINE SACK . N PUT 43
L: F v-NT C=R.C FF 47
20. ROUTINE TR .INPUT 47
225 ROUTINE COMOUTE.0 44
" 1 UQOUTLNE MA S .I U " .
-,;7 RUCUTrt= ANGLE.COm=uTa 4

;J ROUTIi4F_ JPj. m VCOp 43

=3 VENT ACT. Z EF /4"Il, ROUTI,4E C'4 ECw,.ST;Em 3Q
211 ROUTINE 'l K. F:. TR 3- 0
212 ROUTItE CecAT=.T=A4S 39 "
'1 3 P0UTINS ILLU 4. INP1Jr
21. 'C U T I NEa; C(. 0 S 3I RJUTI NE TE6(N .CH-CK 31. ,

1 l UTINE FINI S .CO.,PUT TI0N 37
17 q 0 ROJTINE LST. MIL. wORT 0

"1 u J -CTION EST.RANGE 3 c
Z19 'RCUT!tNE * I.I 3l

2 RO0U T IN CIK .COMP.TR -ii "

21 N T AR TY.OCCUPTION
222 FV NT SET. E*UG 34
Z V EVENT C1ANG=.LIT; 33
224 FUNCTION ST.TR.RAN,,E 33
2 ROUTINE P)SIT:ON.OUT 3
2c AOUTIN 3TRY.FM.OE 31

72 _ ROUTINE F).EFFECTS.R- '-
2 2 E V ENT SENO.TEAm 31

Figure 3-13
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.14OUL E MALSTsa
lANK NA ME L;-:NGT'

229 RCUTINE GET.T.RRAIN 20
230 ROUTINE k4N5E.COMPUT: 29
Z31 FUNCTION ACT.RANGE 27
23d ROUTINE 3TR,. Nw 27e 33 ROUTINE. FOC. TP.DE 7

-'34 27
R ROUTINE vIS. IPUT 27

35 FUNCTION STAY. TI4 25
?3, ROUTINE C-1 EC ..ENGAG.ME-NT 2"
277 EVENT O9.3L0.SORTIE.,,UEUd 24
2 35 POUTINE a XPON NTIAL.F 24

i6 .3y ROUTINE FDC.TR.=IAQ 23
,4- ' UTIN INITiAL.1OV. 23
Z41 ROUTINE MiAIN3 23
24i RCUTINE SEGMENT. AJUST 72

4 3 ROUTINE SCISI N.Ii PbT 21
.6J OUTIN NTIL. AL TECT 21

245 ROUTIN ST .INPUT 21
'.0 2 OUTINE, T.T.%, 19
,47 ;OUTINS w':I$ULL.F 1

C.i V.NT C"'JAN k, . /# Z TH. 17
244 EV=NT 5: HE .UL 2- ARTY .mOV' lmc- 17

K 25C Q OUTINE OR0. u1=F 14
251 ROUTItE Mov01S 1 4
252 ROUTINE 0 . . U c 13
253 ROUTINE OP 0. ATK 12
254 ROUTINE 0R). R NF: 12
55 E NT PSITIO'I.R POPT 12 "

:5 V-=NT m VC 11
~7 PROGRAM9 MA :14 ir

i R iUTI',E TI E.RQ 1
R.5 OUT ,N ,ii, P; ". oxf 1 %., 1 TY . (-

Zt1 :OUTINE J'hNSON.CRITERI, 7
e e 2 ROUTINE ERROR.STOP 5 S
)3 ROUTINE HEADING 4
t 4 ROUTINE OPEN.INPUT.OUTPUT.FILS 1

2 t PROGRAM OL OE R. VER SION. PQE AM5L- -.
• ' / P R C G R A M P q E A M B L E].

Figure 3-13

Modules Ranked by Halstead Length

Continued

3-b2 * 1
. . . .. . . . . . . ... . . . .



* SC IENCE ARRL.ICAMiONS, I NC.-

reduce the, number of operators and operands in the processesae

discussed in Section 4.8 of this report.
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4.0 RECOMMENDED CHANGES e

This section presents the changes recommended for the

COSAGE model. These recommendations were compiled based on SAI's U

efforts in the static and dynamic analyses.

4.1 Exponentiation

A review of the COSAGE source code shows that there has

been widespread use of exponentiation for squaring and cubing

mathematical expressions. Figure 4.5 shows an example of this

type of calculation. The SIMSCRIPT implementatior of

exponentiation is not a very efficient means of accomplishing -

squares or cubes. Figure 4.6 illustrates an enhanced method,

which multiplies the local variables (DELTA.X and DELTA.Y) times

themselves. This method, when benchmarked on both the VAX and U

SPERRY computers, averaged an execution speed improvement of

When only two of F. q-. ly invoked COSAGE S

modules were revised in the manner discussed above and benchmarked

on the VAX version of COSAGE, system execution time decreased by
improvement. (Details of this benchmark are

discussed more fully in Section 4.7 of this report.) Based on this U

testcase, SA_ ana lysts concluded that the exponentiation

optimization holds a very high potential for reducing COSACE
execution t~me. Although it is difficult to estimate the precise

4-1
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savings which can be recognized by this revision, there are more

than one hundred calculations in COSAGE which use exponentiat!on.

Therefore, it is realistic to expect an overall execution time

savings in the range of 5-10% when all COSAGE calculations using

exponentiation have been upgraded to use the demonstrated

technique.

4.2 Inefficient Mathematical Expressions

Writing source code is frequently a tradeoff between

clarity and efficiency. Because of the unusual units of measure

(e.g., hexadecameters), conversion of expressions are often

performed with factors such as (16.0/10.0) or (10.0/16.0). These

factors make the code clearer, but are extremely inefficient since

they must be re-evaluated every time they are executed. This type -

of factor is found at several hundred locations in the COSAGE

source code.

SA] analysts recommend replacing the inefficient

expressions with pre-calculated global variables using meaningful

names. For example, the SIMSCRIPT statement:

LET TEN.16THS = 10.0/16.0

would allow all the expressions (10.0/16.0) to be replaced with a

meaningful variable (TEN.16THS) containing the same value. This

optimization would reduce both the execution time and the memory

requi rements.

4-2
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4.3 Unnecessary SQRT.F Usage

At many places in the COSAGE source code, the distance

between two points is calculated using the square root of the sum

of the delta X squared and delta Y squared.

When the actual distance between the points is required,

this type of algorithm is relatively efficient; but often, the

actual distance is not required. The objective may be to select

the closest alternative to a particular location, in which case

the square root is not required.

When distances are being compared to a threshold or

range, it is much more efficient to square the threshold or range

once and compare the sum of squares to this value, than to take

the square root many times to compare the actual distances.

Benchmarks performed by SAT analysts indicate 'identical results

can be obtained with 30% to 65% less execution time required.

4.4 Schedules/Reschedules

:OSAGE contains many events which are scheduled to occur

at various points in simulated time, Some events schedule

re-occurrences of the same event at a later instance in simulated

time. This type of event is best illustrated by the periodic

update of location that can occur at regular intervals for moving

units.

The SIMSCRIPT compiler by aefauIt automatically

deal locates the memory used by the event notice just before the

event is executed. For these types of periodic events, the

optional phrase "SAVING THE EVENT NOTICER should be aooended to

4-.
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the EVENT statement. Then SIMSCRIPT will allow the event notice

to be re-used.

The re-use is accomplished by replacing the repeated

"SCHEDULE A" statement with a "RESCHEDULE THIS" statement. The

overhead savings for frequently used events can be substantial.

SAI analysts wrote two programs to test the efficiencies of

replacing repeated schedule statements with the reschedule option.

The program which appears in Figure 4.1 schedules an

event which in turn schedules itself again at 1 hour intervals

over a period of 1000 hours. The program which appears in Figure

4.2 is identical in every way to the first program except that the

event notice is saved and the event reschedules itself. The

elapsed CPU time savings are summarized below.

24.06 seconds (SCHEDULE)
10.16 seconds (RESCHEDULE)
12.90 seconds (54% savings)

There are several places which have been identified in

the COSAGE source code where SCHEDULE statements should be

replaced with RESCHEDULE ones, and the event notices should be

saved. The events identified include:

CPR .OPERATOR
CHANGE.LITE
FEBA. SORTIE
PDB.OPERATOR
POSITION. REPORT
SCHEDULE. ARTY.MOVEMENT
UPDATE.LOC

In addition to saving execution time, this recommended
change also has the advantage of saving memory since the
previously allocated space is reused, and no new space is
requi red.

4.5 Removal/Replacement of Identlfred Modules

4-4
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''PRCGAM'' PREAMbLE
EV;-NT NOTICES r,4CLUDE SC-IEDULEE

ENO

'PROGRA4M" M~AIN

SCH=-OUL=- AN SCHEOULE E- IN 1 .CUR
START SIMULATIO4i

NO

EVENT TO SCHEDULEE
SCmEDULz- IN SC D=-ULE-E- IN 1 m~OUP
IF Tz,4.v > 1):"

STOP
OTHER!wISE
ATUR N

:ND

Figure 4.1

Schedule Testcase
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C I L N 3C mLJ L F 1 1 -U~
.'T., :MULATIC' S

k C U L A S C1 P!j 1 -Cij

S Too

Figure 4.2

Reschedule Testcase
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There are eleven modules identified in the accompanying
SAI-SDDL processed COSAGE source code (see Volume II) which have
been categorized as un-used and/or deletion candidates. Some of 0
the modules simply return a constant value; they should be
replaced by.a global variable. Some modules are not currently
implemented in the program. Each should be evaluated to determine
where removal/replacement should be performed. A recommended
action is listed for each in Table 4.1.

One such module (JOHNSON.CRITERIA) was invoked 344,157
times in COSAGE. This routine simply returns a value of 1.0. A
testcase was written which replicates 344,157 calls (see Figure
4.3). Another testcase was rewritten which simply assigns a
variable the value of 1.0 (see Figure 4.4). The results are
summarized below: S

13.59 CPU seconds for Call Statements
3.51 CPU seconds for Assignment Statements
10.08 Savings (74%)

4.6 Utilize SIMSCRIPT Text Feature

Utilization of the recently-implemented SIMSCRIPT text

feature is recommended. The replacement of alpha variable types

with text variable types will serve two purposes: efficienc of
memory usage and transportability of the source code.

Alpha variables or consrants are left justified when

stored in a computer work. It depends on the implementation for

the particular machine whether a single character or more is

stored per word. Regardless of the implementation, however, if
fewer characters are stored per word than the number of bytes in
the computer word, storage is wasted.

Text variables, on the other hand, regardless of

implementation, are represented by a pointer giving the address of
a memory location where one or more words contain the represented

characters, one character per byte.

4-7 0t
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Module Name Comments

GAMMA.F Not used - Delete
AIRBORNE.RADAR Not used - Delete

AR.UETECTION Called by AiRBURNL.RADAR (not used) Delete

AR.PROB.DETECTION Called by AR.UETECTION (not used) - Delete

PHOTO.IR.FLIGHT Not used - Delete

STAY.TIME Called by PHOTO.IR.FLIGHT (not used) - Delete

JUHNSON.CRITERIA Returns a Constant Value (1.0)
Called 344,157 times (5% of all invocations)
33rd most frequently sampled
should be replaced by a Global Variable

PRUXIMITY.REQ Returns a constant value (5)
Should be replaced by a Global Variable

TIME.REQ Returns a constant value (0.1)
should be replaced by a Glbbal Variable

OLDER VERSION Should be deleted from file
PREAMBLE to avoid confusion and errors

PLAI.COUNT Only calls are from event START.BATTLE
Calls are commented out
Remove comments and delete routine

S

TABLE 4.1

Moaules To Be Deleted/Replaced

4-8
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0

;)R~t; AM ' 4 A',

FOI 1 1 To 3-*4157

000
CAr.1 J.01NSON. CRITEQi7 YliLOJJG .NO0. e RS

LOOP

ENO

ROUTINE JOHNSON.CRITERIA YZSL:!NG .N0.3.'S
LET .NO.dARS 11.

N 0

Figure 4.3

344,157 Call Statements Testcase
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LET .NG.BARS 1.
FOR 1 0 1 TO 344157
DO

LET N NO.3ARS
LOOP

=NO

Figure 4.4

344,157 Assignment Statements Testcase

4-10



SCIENCE A I=ILICAT1ONS, INC.

Further, when code is transported f-om one machine to

another, it must first be determined if the implementations of

alpha modes is compatible before alpha variables may be -sed wlth

confidence. The convention of using text modes instead of alpha

mode would be both more efficient and would ,crease

transportability of code.

4.7 Perform a Thorough Analysis on the 26

Most Frequently Invoked Modules

SAI dynamic execution analysis has shown the follow',g
group of 26 modules (10%) of the (OSAGE program to account "or

over 93% of all invocations (see Figure 3.1). it is recommerdec

that SAI analyze each of these 26 modules in detail and in close

co-operation with the COR. Small individual changes in efWiciency

can result in large overall savings since these modules are

invoked frequently.

For example, the two program modules most frequently

invoked were FUNCTION ACT.RANGE (1,189,098 invocations) and

ROUTINE RANGE.COMPUTE (792,643). Together, these two modules

account for over 29% of all invocations in the baseline 24 hour

COSAGE simulation. Both modules had been highlighted by SAT

analysts during our static analysis with the \OPTIMIZE

cross-reference identifier.

The first module, ACT.RANGE, Figure 4.5, computes the

intermediate values DELTA.X and DELTA.Y; the val ues are squared,
summed, and used as an argument to the SIMSCRIPT SQRT.F function.

This method of squaring the values is exponentiation; during

static analysis benchmarks, analysts found this method of squaring

to require up to twice as much execution time with SIMSCRIPT.

4-11
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0

FUNCTION ACT-RANGE ' ~FOol
GIVEN

UNITI1
UNIT"

ADD 1 TO ANAL.CTR(239pl) ' ~\EYN-.ANAL
''THIS FUNCTION COMPUTES THE ACTUAL RANGE BETWEEN TWO UNITS

NORMALLY MODE IS INTEGER
DEFINE RANGE AS A REAL VARIABLE

LE 'T DLTAX =UN.XCOOD( NIT UN--CORD(lJNT2
LET DELTA.x = UN.X.COORD( UNITI)- UN.X.COORD( 'JNIT2 )-

LET RANGE = SURr.F( DELTA.X *2 + DELTA.Y **2 ) ' \OPTIMIZE

RETURN WITH RANGE
ENDFUNCTION

Figure 4.5

Current Function ACT.RANGE

4-12
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Therefore,. we recommend replacing this function with tne code

indicated in Figure 4.6.

The second module, RANGE.COMPUTE, Figure 4.7, performs

the same function with three basic differences: 1) the module is a

routine, not a function (this only affects how it is invoked and

used), 2) it uses real intermediate variables and returns an

integer answer, and 3) the square-root is implemented via

exponentiati on. Benchmark runs indicate this method of finding

the square root requires approximately 70% more execution time.

Augmented with the same method of squaring proposed for ACT.RANGE,

the recommended revision is shown in Figure 4.8.

Benchmarks when these two revised routines were

implemented in SAI's VAX Virtual Test Suite for COSAGE show a

decrease of more than 2.7% in execution time. A similar savings

would be reasonable to expect with the SPERRY SIMSCRIPT version of

COSAGE. Further, examination of the calling locations shows that

two modules which perform the same purpose (one yielding an

* integer result, the other a real result) are not necessary. Any . . -

* .required mode conversions can be performed after the call. This

integration would decrease the memory requirement as well and

provide a uniform, efficient approach to fulfilling a single

function. Comparisons made using these inconsistent methods may

result in unexpected program behavior.

4.8 Modularize Candidate Processes

The fol lowing COSAGE processes were identified because

they have source code line counts in excess of 120 (approximately

2 pages):
AC.ATK.TGT

AIR. OBSERVER -.

4-13 """ I

.....



SCIENCE APPLICATIONS, INC.

ri.
LAJ 0-4=

om Zf Z
L~La

Lu z <

X X c

UJ Zn--

uj~

zn C

W j. L.

C Su

tn - --

- -j k - ~

ix L) '

Lu Z~

z 4z :*ic * n c
< zJ -L'3 X

<r Lz zo =
WZ 4z r C z W

z im x~

wi W Wu LLw~

, 77

4-14



S3CIENCE APPLICATIONS, INC.

ROUTINE RAN(3E.COMPUTE Cole
GIVEN

UN ITr.Ap
UNIT.H

YI ELD[IN G
RANGE.

ADDIt1 TO ANAL.CTR(12991) '\DYN-.ANAL

NORMALLY MODE IS INTEGER
DEFINE D.X.t D.Y. AS REAL VARIABtLES

LET El *X. =UN. X .COO)RDLN IT.*A) -UN.*X.*COOR ItJN IT, B)
LET El *Y. UN.*Y.*COORE' (UNIT* A) -UN.*Y.*COORD (UNIT.*B)
LET RANGE =(D.X**2+['.Y**2-)**.5 '' \OPTIMIZE

EX ITROUT INE
ENEIROUT INE

Figure 4.70

Current Routine RANGE.COMPUTE
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0

ROUTINE RANGE.COMFUTE '' 018
GIVEN UNIT.A AND UNIT.B
YIELDING RANGE

ADD 1 ro ANAL.CrR(129v1) '~\DYN.ANAL

DEFINE D.X.v D.Y. AS REAL VARIABLES
DEFINE IJNIT.Ay UNIT.Bv AND RANGE AS INTEGER VARIAP ES

LET D.X. = IJN.X(.COORliKUNI r.A)-UN.X.COORD(UNIT.B)
LET D.*Y. = UN.*Y.* OURD (UNIT. A) -UN.* * COORi (UNIT.*B)
LET RANGE =Si0Rr.F(D.X.*D.X. + D.Y.*D.Y.) '"\OP'TIMIZE

RETURN
END

Figure 4.8

Proposed Routine RANGE.CCMPUTE
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AIRBORNE. RADAR
ARTY.ASSESS

ASSESSMENT

CAS.MISSION

FIRE.MISSION

FORWARD.OBSERVER

HC. RETURN. FARRP

HELICOPTER. FIRE

HEL. TARGET. ACQUISITION

HC. ARRIVE. BATTLE

REMOTE. PILOT. VEHICLE

SHOOT.OUT

TARGET. REPORT

S

These 15 processes represent 84% of all COSAGE

processes. All of these processes have a HaIstead length of 270

or greater. The two remaining processes, PHOTO.IR.FLIGHT and

WITH.DRAW have 115 and 112 source lines respectively and Halstead

lengths of 379 and 213.

SAI analysts recommend modularizing at least the top 15

processes (ranked by number of source lines) to increase

understandability and maintainability. A procedure similar to the

following one is recommended.

* First, in close conjunction with the COR, identify a

high-level system of comments. An example, using

FIRST-NEXT comments is shown in Figure 4.9.

* Next, identify which comment blocks can be modularized

and moved out-of-lHne (into separate routines).

4-17 -.° .S
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* Next, perform metric analyses on identified submodules.

* Next, move submodules into separate routines and mak,

required coding changes.

* Last, test modularized processes.

4.9 Standardize the COSAGE Source Code

While performing the various analyses of the COSAGE

source code, it became apparent to the SAI analysts that numerous,

varying coding conventions and styles had been used in the model

development. These inconsistencies made it difficult to read and

understand the SIMSCRIPT source code; they also represent

inefficiencies in (OSAGE. Therefore, it is recommended that a

consistent set of coding standards be developed and applied to the

COSAGE source code. Other standardization issues should also be

addressed; these issues include:

* Examining SIMSCRIPT DEFINE-TO-MEAN statements in COSAGE

to determine if they are required or in need of

modifi cation.

* Checking for redundant NORMALLY statements.

* Deleting SIMSCRIPT comment statements which are obsolete

or unclear.

Developing a system of high-level comments, with the

assistance of CAA personnel knowledgable of the COSAGE

model, which provides insight into the

operations/functions being performed by a block of

source code.

4-20
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* Verifying that output units are consistent between

routi nes. -•

* Developing an@ADD file for the SPERRY which will process

the COSAGE source code with the SAI-SDDL processor to

automate the production of up-to-date documentation.

Figure 4.10 represents a current COSAGE routine; Figure

4.9 is the same routine which has been updated with the

recommended coding standards and processed by SAT-SDDL.

4.10 Develop Graphical Input/Output Capabilities

It is recommended that graphical input/output

capabilities be developed for the COSAGE model. The COSAGE model

requires voluminous input data. This data requires considerable

time as well as in-depth knowledge of the COSAGE program to

prepare. The existing EDITS program provides a data checking

capability; however, it is recommended that an enhanced data
preparation tool be developed. A possible scenario for such an : :1
input generation tool would allow a COSAGE user to graphically

configure units on a specified terrain, and then have the input * !
processor automatically generate the coordinates, equipment lists,

etc. Additionally, this tool could check for typical input data

errors (like the ones listed in Section 3.4.1 of this report).

Likewise, the development of a graphical output is recommended.

Such a tool could display unit movement, attrition, etc.

SAI has developed the Tactics, Operations, and Planning

-k Station (TOPS*). TOPS is a minicomputer-based, color graphics

system based on digital map technology. Preliminary investigation
indicates that this graphics system could provide input/output

* A traderark of Science ApOlications, Inc.
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processors. for simulation models such as COSAGE. Therefore, it is

recommended that the linkage between COSAGE and TOPS be studied.

hF0
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5.0 PROPOSED PREAMBLE

Since the PREAMBLE of a SIMSCRIPT program serves as a

definition of data structures and of program events and processes,

SA analysts conducted an analysis of it in order to identify

areas which could be optimized or updated in order to increase its

clarity and maintainability. This section presents the specific

observations made and changes recommended.

5.1 Existing Structure

Examination of the COSAGE PREAMBLE indicated that the

prevailing scheme of organization is alphabetization (see Figure

5.1). However, this scheme does not appear to be rigorously

followed. Further, data structures are usually grouped into

categories such as permanent entities, temporary entities,

processes, events, global variable, set, array, and function

definitions, and substitutions.

5.2 Proposed Structure S

SAI's analysts recommend restructuring the COSAGE

PREAMBLE using a hierarchical scheme for organizing the permanent

and temporary entities, sets, and attribute definitions. An

example of the recommended hierarchical structure is shown in

Figure 5.2. Such a scheme should provide more clarity into data

structure relationships.

W...0f|
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EVERY AO.RANGE.BANO HAS
AN AO.Rb.RANGEP

BELONGS TO
TIIE AO.RS.SET

HSA P.AO.RS.SETP

A S.AO.RS.SETP
A !.AO.RB.SET

EVERY BTRY HAS
A 3Y.SNP
A 8Y.STATUSo
A SY.TYPEo
A SY.PG4.Fm4,
A BY.CUR.FP4,
A BY.N.ROUNOSP
A 8Y.UNITp
A ay.aN.RANK.,
A ay.FIRE.RATE,
A BY.PGM.CAP,
A 3Y.STOP.FASCAA4.SUPP "TI.4E.V *60

OwNS
A BY.HOW.SETP
A 3 Y .SCHO LISTP
A 3Y.F#4.QUEUE6

BELONGS TO
A SN.BTRY.SET

HA S
A FBY.HOW.SETP
A L.BY.rlOw.SETP
A F.SY.SCH0.LIST,
A L.BY.SCHO.LIST, _

A F .BY.F'4.QUE UE,
A L.3Y.i:M.QUEUEv
A P.8N.8TRY.SETp Figure 5.1
A S.SN.BTRY.SETe

A M.N.BRY.ET.Existing PREAMBLE Scheme
A M.N.B.HO.SETP

MwA A.SY.S40.ST

A N.BY.F#4.QUEUE

EVERY CATEGORY HAS
A CT.NA'4E,
A CT.GROUP,
A CT.MrN.FEBA

OwNS
A CT.TU.SET

3ELONGS TO
A GP.CAT.SET

4 F.CT'.TU.SETo
A L.CT.TU.SETo 0
A N.CT.TU.SETP
A P.GP.CAT.SET.-
& S.GP.CAT.SETP
A .4.GP.CAT.SET

IYEERY CATEG0RYOIST.FROM4.FEBA.BANO, IC.P4UNITION HAS
A CDI.USAGE.I.401CATOR

2VERY CATEGORY, OXST.FROM.FEBA.BANO. TYPE.3TRY HAS

6- 5-2 ~j
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PERMANENT SNTITIES
EVERY FA.BN HAS

A FB.MISSIONP
A FA.BN.UNIT

OWNS
A BN.BTRY.SET0

HAS
A F.BN.BTRY.SETo
A L.BN.BTRY.SETP
A I.BN.BTRY.SET

OEFINE FS.MISSION AS A TEXT VARIABLE

EVERY BTRY HAS
A BY.BNo
A BY.STATUSP
A BY.TYPE.,
a BY.PG4.FD4,
A BY.CUR.F4,
A iY.N.ROUNDS,
A SY.UNIT,
A 3Y.8N.RaNX'
A SY .FI RE .RAT Et
A BY.PGM.CAP,-
A sy.srOp.FASCAD4.SUPP -TI,4E.Y 60

OoSA SY.aiOW.SETP

A 3Y.SCHO.LISTP
A 8Y.FM.QUEUE

8ELONGS TO
A 3N.STRY.SEf

HA S
A F.9Y.HOW.S!Tp
A L.S1.MOW.S:--Tp Figure 5.2

A L.SY.SCHD.LIST,- Recormmended Hierarchical PREAMBLE Sheme

A F.BY.F4.QUEUE.
A L.3Y.FM.QUEUE,

A S.BN.STRY.SET,
A t4.BN.BTRY.SETp
A N.BYaiOw.SET,
A N.BY.SCHO.LIST,
A N.BY. <M.QUEUzE
DEFINE BN.BTRY. SET AS A SET RANKED 6Y LOW SY.3N.9ANK
DEFINE BY.SN.RANKo BY.FIRE.RATE AND bY STOP FASCAM. SUPP AS SIGNED NTEGF-P

T=MPORARY ENTITIES
EVERY HOW HAS

A Hw.LRTRY, "OWNING aTRY
A 4w.SFAIL.RNOS, "ROUNDS TILL SHORT TEQM4 FAILURE
A MW.LFAIL.RNDS, "'ROUNDS TILL LONG TERM FAILURE

3ELONGS TO
A 3'v.mOw.SET -'PE'EN NOT FAILED

4 S
A P.8Y.HOw.SETo
A S.3Y.MOw.SET,
A M.8Y.HOw.SET
3EFINE BY.mOw.S:T IS A LIFO SET
DEFI4E MW.9TRYp 4w.iFAIL.RNOS, AND MW.LFAIL.RNDS AS SIGNED INTEG2ERS
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It is also suggested that sections like the events and

substitutions be re-alphabetized. This will make it easier to

find names which have already been used, since inadvertant reusage

could cause errors in COSAGE that would be difficult to trace.

Another reconmended PREAMBLE change is to replace

inefficient define to means, such as:

DEFINE NORTH TO MEAN PI.C/2

DEFINE SOUTH TO MEAN 3.*PI.C/2

with statements like:

DEFINE NORTH TO MEAN 1.5707963
DEFINE SOUTH TO MEAN 4.7123889

This would decrease both execution time (since expressions would
not have to be evaluated) and memory requirements (because space

would not be required to perform calculation).

A recommended addition to the COSAGE PREMABLE is the

definition of several real global variables. Variables identified

to this point are:

TEN. 16THS
16. TENTHS

These variables would then need to be set to 10/16 and 16/10

respectively in the COSAGE source code.

5-4
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6.0 SUMMARY

SAI has conducted a study of the COSAGE model. The

focus of this study was to identify fruitful areas for COSAGE

optimization which would reduce memory requirements and/or S

execution time.

In order to accomplish this, SAI applied various

analysis tools and techniques to the COSAGE program. These tools •

and techniques included:

Processing the COSAGE SIMSCRIPT Source Code with

SAI-SDDL. The results of this effort provided a - -

standardized format for reviewing the source code. It

enhanced the source code with automated indentation and

program flow of control arrows. Additionally, source

code summary information (i.e., table of contents, 5

module invocation hierarchy tree, and various cross

reference listings) was generated.

* Developing Input Format Specifications for the COSAGE 5

Program. They were developed directly from the source

code and included such information as the required data

item name, meaningful description, unit of measure,

mode, and dimensionality.

6-1
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0 Utilizing the System Performance Monitoring (SPM) tool

to analyze COSACE model execution at the operat~o,

system level.

• Applying metrics to obtain quantitative assessments of

the complexity of the source code.

* Using the VAX SIMSCRIPT compiler to convert the SPERRY

COSAGE source code to the VAX and to identify source

code anomalies which the SPERRY compiler was unable to

detect. The SIMSCRIPT language was also used to

instrument thr COSAGE source code.

Both static and dynamic analyses were performed on the

GOSAGE model. Static analyses included:

* Determining all places in the source code where memory

was allocated (via the CREATE and RESERVE statements)

and deal located (via the DESTROY and RELEASE keywords).

* Identifying modules of considerable size. This was done

for actual source code lines as well as the size of the

object code (compiled source code).

* Tallying the modules most frequently invoked statically.

Dy nami c a nalIyses were:

* Accumulating the numbor of times each routine was

invoked dynamically (during program execution).

6-
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* Determining CPU usage per simulated hour of program

* execution.

* Identifying the routines which accounted for highest CPU

usage.

* Locating and correcting anomalies which occurred while

reading the COSAGE input data as well as those which

occurred during simulated time.

* Performing control complexity, Halstead length, and

level of nesting metrics on the COSAGE source code.

* As a result of these analyses, a variety of changes are

recommended. They include:

* Changing the method used to accomplish exponentiation in

the COSAGE model.

* Replacing inefficient mathematical expressions.

0 Streamlining unnecessary usage of the SIMSCRIPT square

root function.

* Changing SCHEDULE statements to RESCHEDULE statements

when appropriate.

. Removing/replacing routines. Some of these routines are

unused and some should be replaced by a giobal variable.

* Utilizing the SIMSCRIPT TEXT feature to save memory arca

enhance COSAGE transportib Iity.

6-j
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0 Performing a thorough analysis of the 26 most frequently /
invoked modules.

0 Modularizing identified processes to increase clarity

and maintainability.
@

0 Standardizing the COSAGE source code by developing a set

of coding conventions and then applying them to the

COSAGE model.

* Developing graphical input/output capabilities to assist • "

the COSAGE user.

* Reorganizing the COSAGE PREAMBLE in a hierarchical / 

fashion rather than the current semi-alphabetical -

manner.

- xOWO
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